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1. OSSZEFOGLALAS

Az Alacsony és magas hozamu zold fehérje biofinomito koncepciok négy évtizede (1980-
2020) cimi tanulmanyunk elkészitéséhez alapul szolgal Gsszesen 1002 db Gsszegylijtott
forrdsanyag, az 1900 és 2020 kozotti szazhtisz €évbdl. Ennek a hosszu iddszaknak az utolso négy
évtizedét elemezziik, két részre bontva. Az elsé rész az 1980 és 2000 kozotti két évtizedet tekinti

at. A masodik rész 2000 és 2020 kozotti hisz év anyagat dolgozza fel.

Az 1980 és 2000 kozotti, huszévnyi forrasanyag 0sszesen 59 tételt szamlal, 1.000 feletti oldal
terjedelemben. A kozleményekben egyiittesen 800 feletti hivatkozast tekinthetiink tovabbi
metaadat-forrasnak. Ha figyelembe vessziik az 1900 — 2020 kozotti teljes irodalmi
gyljtésiinket, akkor megallapithatjuk, hogy az 1980-2000 koz6tti husz év reprezentalja a teljes
szazhusz évi kozlemény-halmaz minddssze 6 szazalékat! Ez 6sszhangban van azzal a globalis
folyamattal, amit ebben az id6szakban tapasztalhattunk, azt kovetden, hogy az LPC-kutatas
kikeriilt a nemzetkozi foiranybdl. Az irodalmi forrdsok koziil tobb mint hiisz konkrét példat
emeltiink ki tanulmanyunk masodik részében ¢€s tizennégy forras néhany oldalat masoltuk be.
Azokat valasztottuk ki ezattal is, amelyek kiilonosen fontosak a szakteriilet fejlodési
folyamaténak az illusztralasara, jelen esetben az 1980-2000 kozotti két évtized soran. Fobb
megallapitasaink az az alabbiak:

e 1980- és 2000 k6zott Norman W. Pirie munkassaga és 6roksége meghatarozo. Ez; az un. low
yield, azaz alacsony hatékonysagu zéld levélfehérje biofinomitas korszaka.

e A teriileten két LPC-t eldallitdé és forgalmazo vallalat miikodott csupan, a Désialis
Franciaorszagban, és a Brewster az USA-ban.

e Voltak termékek, mint pld. a Vitlafa (Brewster) és a Désialistol az APC (alfalfa protein
concentrate) koncentraumok.

e Uj LPC technologiat dolgoztak ki Olaszorszagban, Uj-Zélandon. USA, francia, és magyar
() szabadalmak jelentek meg, alternativat kinalva az un. low-yield technologia teriiletén.

e El6térbe keriilt az energiatakarékossag, €s kisebb részben a lucerna z6ld biomassza
értékndveld, komplex bioipari hasznositasa témakor.

e A z0ld fehérjefinomitds kutatasa-fejlesztése teriiletén kétségteleniil Dania jutott a
legmesszebbre. Ez az elény a kovetkezd két évtizedben is megfigyelhetd. Nemzeti
programjuk kozéppontjaban talaljuk ekkor a lucerna fehérje biofinomit6 technologiakat és a
barnalé ipari hasznositas kiterjesztését aminosav termelésre. 2000 felé¢ a dan szakemberek

iranyba alltak a nagy hatékonysagt (high-yield) technologidk felé.
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A 2000 és 2020 kozotti, huszévnyi forrdsanyag 6sszesen 442 tételt szamlal, 10.000 feletti oldal
terjedelemben. A kozleményekben egyiittesen 8000 feletti hivatkozast tekinthetiink tovabbi
metaadat-forrasnak. Ha figyelembe vessziik az 1900 — 2020 kozotti teljes irodalmi
gyljtésiinket, akkor megallapithatjuk, hogy az utobbi husz év reprezentélja a teljes szazhtisz
évi kozlemény-halmaz negyven szazalékat. Ez 6sszhangban van azzal a globalis folyamattal,
amit a tudomany altaldnos fejlédése terén tapasztalhatunk. Egyre tobbet tudunk egyre kisebb
részletekrél. Az irodalmi forrasok koziil tobb mint harminc konkrét példat emeltiink ki
tanulmanyunk masodik részében. Azokat valasztottuk ki ezuttal is, amelyek kiilonosen fontosak
a szaktertilet fejlodés folyamatanak az illusztralasara, jelen esetben azokat, amelyek az utolso
két évtized soran a high-yield, azaz magas hozamu technolégia iranyaba mutatnak. A teriileten
még miitkodnek LPC-t eldallitdo és forgalmazo vallalatok. A Désialis Franciaorszagban €s a
Brewster az USA-ban. Vannak termékek, mint pld. a Vitlafa (Brewster) és a Désialistol az
ANC, az Extraluz és PX Agro Super koncentraumok. Kidolgoztak az USA-ban a lucerna un.
harvest-fractionation technologia alapjait, mely segitségével vélhetéen nagyobb lehetdség lesz
a lucerna zold biomassza értéknoveld komplex bioipari hasznositasara. A két évtized soran
sziiletettek dan, USA, francia, német, és magyar szabadalmak, melyek potencialisan életképes
alternativat kindlnak a gyakorlati hasznosités tertiletén. Fontos koriilmény, hogy az EFSA 2009-
ben biztonsagos ¢lelmiszer kategoriaba sorolta be az LPC-t. Lathaté az is, hogy a zold
fehérjefinomitod, mint kutatasi teriilet széles tartomanyban expandal, akar az alapkutatasokig.
Kiterjed, tobbek kozott a korabbi takarmanyipar mellett Uj innovativ bioipari teriiletekre, az
alabbiak szerint:

e a proteinszal fejlesztése,

¢ Dbiostimulatorok, ndvényi ndvekedészsabalyozok,

e masodik generacios bioetanol eldallités,

e biomedicina,

e alternativ human taplalékipar,

e miitej és mihus eléallitas és

e ipari algatenyésztés.

Kiilon ki kell emelni, hogy a high-yeald termelés melléktermékek korében a barnalé a jovében
az ipari alga-, baktérium- és élesztitenyésztés, mint expandalo fazisban lévd biotechnologiai
ipar alapjaul szolgalhat (microbe protein, single-cell-protein, single-cell-oil). Ilyen lehet a
barnalé hasznositasa hidrogénfogyaszto baktériumokkal miikodd elektrolizis-bioreaktorok

teriiletén is. Tovabbi fontos teriiletnek tekinthetd a fehér LPC (citoplazma frakcid) frakcidnak



az alternativ human taplalékok korében torténd hasznositasa. Ezen a teriileten forradalom zajlik.
A fejleszték — hivatkozva az allattenyésztés nagy kornyezeti kérositasra, mint pl. a metan-
kibocsajtdsra, a nagyon magas vizigényre, tovabba a szdja- és a sikérfehérje
humanegészségiigyi vonatkozasaira - ijabb novényi fehérjeforrasokat keresnek. Ezek kdrében
a borsofehérje jelenleg a slager (miitej, miihus, stb). Nem érdektelen tehdat, hogy a - nagy
hozammal, fenntartahto modon, kedvezé okologiai impakttal eléallithato, megfeleléen
kivalasztott forrasbol szarmazo - LPC frakciok e teriileten milyen mértékben lesznek

hasznosithatok?

Kovetkeztetések: megallapithato, hogy a 2000 és 2020 kozotti két évtizedben a legalaposabb és
szamunkra iranymutatd szakami attekintéseket a high-yield zo61d fehérje biofinomito teriiletén
a dan egyetemek és K+F intézetek kutatoi készitettek. Munkajuk ismerete alapjan kijelenthetd
két dolog:

1. nem a véletlen miive, hogy a dan husipar és allattenyésztés a vilagon az egyik legfejlettebb,
Immar szazdtven éve.

2. Nem lesz véletlen az sem, ha az attorést eredményez0, 0], fenntarthato high-yeald z6ld
fehérjefinomitd tudés €s technologia terén a dan szakemberek tovabbra is az elsék kozott
lesznek, holland, német, angol, svéd, osztrak ¢s USA-beli kollégakkal egyiitt.

Stratégiailag javasolhato, hogy a magyar high-yield zold fehérjefinomito jelen fejlesztéseit

ossze kell kapcsolni a nemzetkézi mithelyekkel, mindenekelott a dan, holland, svéd, német,

angol, osztrdk és USA-beli csoportokkal. Ez a 1épés lehet az alapja annak, hogy a magyar

kutatok és vallalatok a high-yield green protein biorefinery teriileten sikeresek lehessenek a

vezetd eurdpai €s nemzetkdzi térben. Abban a térben, ahol fél és egy évszazaddal korabban,

elészor Ereky Karoly (Zoldmalom), majd Hollo Janos és Koch Lehel (Vepex) idején mar
voltak. Még van redlis esély arra, hogy Magyarorszag ne a high-yeald protein biorefinery
technologia mdsodlagos jelentoségii felhasznaloja legyen, hanem annak az elsodleges

Jjelentdségii profittermeloi, generdloi és kedvezményezettjei kozé keriiljon. Ez a tanulmadnyt azt

sugallja, hogy a mérsékelt égovi fenntarthato high-yield zold névényi fehérje bioipar nagy

dtalakuldsa terén hazank - kozponti intézkedések nélkiil - alighanem a lemaradok sordba keriil.

A téma jelentosége a magyar klimastratégia mezogazdasagi vonatkozdsainak elsé soraban van.

A mai hazai politikai dontéshozok és mezégazdasagi nagyvallalatok torténelmi feleldsségét

ennek féenyében kell értelmezniink. Daranyi Ignac éppen szaztiz évvel ezeldtt tanulni kiildte ki a

legjobb szakembereket Daniaba, igy a biotechnologia névado apjat, Ereky Karolyt is.



2. BEVEZETES

2.1. A KETTOZOTTEN ZOLD FORRADALOM (DOUBLY GREEN REVOLUTION)
ES A MERSEKELT EGOVI MEZOGAZDASAG NOVENYI FEHERJE-
TOBBLETTERMELES ,,ZOLDITESE”

Az eldrejelzések szerint a 21. szdzad elsé felében a mezdgazdasagi termelés és feldolgozas
szerkezetét és szinvonalat gyokeresen at kell alakitani. Ahogy a prognodzisok, ugyanigy a
megoldasok, kivanatos stratégiak is sokfélék. Ma leginkabb elfogadott koncepcid az un.
wKettozotten Zold Forradalom™ téziseibdl all 6ssze. Gordon Conway (2000), a Rockefeller
Foundation elndke, e gondolatok apja kornyezetkiméld, fenntarthatd, biologiai alapu agrar-
technologiakkal kivanja feloldani azt az ellentmondast, hogy mikdozben a vilag
mezdgazdasagilag miivelt teriilete tovabb nem ndvelhetd. Ugyanakkor a teriiletegységre jutod
emberi taplalék és allati takarmany mennyiséget meg kell kétszerezni. Nincs mas alternativa,
sem a Fejlett, sem a Fejlodd orszagok szamara. Eszak fejlett orszagai a XX. szazad masodik
felében Iétrehoztdk ugyan az iparszerli mezdgazdasagi termelés rendszerét, amely egyes
térségekben jelentds termésndvekedést eredményezett, de ugyanekkor az ¢él6 és élettelen

természetre - €s magara az emberre is - szennyezOnek bizonyult.

Nem merész joslat volt tehat két évtizeddel ezel6tt az a megallapitas, hogy a bioldgia, technika
¢s tudés alapu, kornyezetbardt mezdgazdasagi technologidk céliranyos fejlesztését nem lehet
mellézni és ezek eredményességétdl fliggden az dgazat eddig nem latott fejlédés elé nézhet.
Ebben a versenyben azok az orszagok, térségek keriilnek kedvezObb pozicioba, melyek ezt a
szemléleti atalakitdst a leggyorsabban elfogadni, fejleszteni és alkalmazni képesek.

Magyarorszag is ilyen jovo elé néz.

Az atalakulasnak a legnagyobb lehetdségét az évenként megljuld biomassza produkcid
biztositja és igy a szantofoldeken, az ipari —€s takarmanyndvények termesztésére indokolt
koncentralni a fejlesztési tevékenységeket. A szant6foldeken megtermelhetd, megujithatéd
primér nyersanyagok ugyanis - nem csak a hagyomanyos végtermékek - a kordbbinal magasabb

értékiiek lesznek, amelyek feldolgozdsdbol az eddigieknél nagyobb jovedelmezdséget add



produktumok sziiletnek. A nagy értékii zold biomassza kornyezetkimélé megtermelése és

okszerti hasznositasa kiemelt jelentdséget kap.

Ehhez kapcsoloddoan megjegyzendd, hogy 2000 el6tt a ,,biomassza” hasznositasan altalaban
megujithatd, els6sorban energianyerés céljara szolgald folyamatot értiink, mint pl. a kozvetlen
eltiizelés, a biobrikett, biogaz, a biodizel és a bioetanol gyartas. Ezek alapanyagai rendszerint
energiava jol konvertalhat6, magas szarazanyag tartalmu, elsdsorban széndhidratokban gazdag
nyersanyagok (cukornad, energiaerdd, tragya, celluloz és lignin tartalmi hulladékok, stb.). A
hagyomanyos értelemben vett biomassza tehat a ndvényi produkcio végterméke, mert ekkorra

halmozodnak fel benniik a legnagyobb mennyiségben az energiat produkald szerves anyagok.

A természet és a mezdgazdasag évrdl-évre elsddlegesen allit el egy masik nélkiilozhetetlen
nyersanyagot oriasi tomegben, olyant, amelyet elsdsorban a biologiailag értékes komponensek,
fehérjék, vitaminok, mikroelemek és enzimek molekuldinak a koncentralodasa jellemez. Ezt a
masszat megkiilonboztetésiil az elobbitdl ,,zold biomasszanak™ (green biomass - GB) kell
nevezniink. Ez a biologiailag rendkiviil értékes, aktiv nyersanyag voltaképpen atmenetet képez
az energiat ado forrds, a napenergia €s a produkcid végterméke, a magtermés kozott. Nem
sokszor gondolunk ra, azonban mégis igaz, hogy a z6ld biomassza az emberi faj torténetének
legfontosabb tényezb6je: ennek a hatalmas biologiai értéknek a konverzidja dontéen élo

kozvetitokon, az allatdllomanyon keresztiil valosul meg (legeld, zold széna, silo, stb.).

A z06ld biomassza tovabbi nagyon értékes hasznositasa példaul a gydgynovények és
aromandvények termesztése, illetve a kozvetlen emberi fogyasztasra alkalmas kertészeti leveles

z6ldségnovények is, melyekre mind sajatos felhasznalasi modszerekkel rendelkeziink.

A z61d biomassza hasznositasanak eddig ismert Utjait - a kozvetlen nyers fogyasztason kiviil -
az jellemzi, hogy ezeket az ¢l6 nyersanyagokat a mez8gazdasagi szakember sokszor évszadzados
hagyomanyokon nyugvo kiilonféle tartdsitasi modszerekkel teszi alkalmassd a folyamatos
felhasznalas szdmara. Ilyen eljaras a szénakészités, silozds, levelek szaritasa, poritasa,

z6ldségek konzervalasa fagyasztassal, savanyitassal és befézéssel, stb.

Ismeretes, hogy a zold biomassza eredeti természetes biologiailag aktiv anyagai kiilonb6z6
modon, sokszor igen jelentds mértékben szenvednek karosodast a tartdsitas soran, ezért a

végprodukcid szamadra szlikséges mennyiséget a lehetségesnél és optimalisnal csak sokkal (akar
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20-30%-kal is) nagyobb teriileten kellene megtermelni. A szakismeretek hianyossagai, modern
technologiak fejlesztésének és alkalmazasanak hidnya, az olykor gondatlan tartositas és tarolasi
gyakorlat kdvetkeztében a tapanyagveszteségek a 25-40%-o0s aranyt is elérhetnek. Példaul az
orszagos fehérje-mérleg vizsgalata alapjan hazai szakemberek mar évtizedekkel ezelott
figyelmeztettek, hogy csak a fehérjeveszteség mértéke évente 170-230 ezer tonna nyersfehérje,
amely a megtermelt fehérje mintegy 14-18%. Nem meglepd tehat, hogy Magyarorszag - a
meglévd, csokkentett allatdllomany ellatasara — 1999/2000 fordulojan mar 800.000 tonna
takarmanyimportra szorult, és e fehérje-takarmany import mar ekkor elérte az 50 milliard Ft

értéket (Kralovanszky et al., 2002).

Jellemz0 napjainkra, hogy a mérsékelt €govon a zold biomassza hasznositasanak egyéb iparilag
megalapozott, gazdasdgosan / jovedelmezden alkalmazhat6 csatornait még nem fejlesztették ki.
Kezdjiik felismerni azonban, hogy milyen hatalmas lehetdségek kindlkoznanak, amennyiben a
novények zold biomassza produkcidjat Ujszerli modszerekkel lehetne novelni, tudatosan
iranyitani ¢s megfeleld technologidkkal széles korben felhaszndlni, mind az allati
takarmanyozasban ¢és emberi taplalkozasban, mind pedig nagy értékii ipari nyersanyagok

megujithatd termelésére.

A z06ld biomassza hasznositasanak a jovobe mutatd Utja az un. ,,zoldmalom”™ (green mill -
GRM). Ez a fogalom kevésbé ismert; e helyiitt mi a hagyomanyos malom analdgiaja alapjan,
rendszeriink elemeit 0sszefoglald miiszoként alkalmazzuk. Olyan mezogazdasagi — biologia
ipari termelo egységet takar, amelyik elsosorban szantofoldon eloallitott, zélden, nyersen
betakaritott leveleket és szarat dolgoz fel (input) kozbeiktatasaval magas bioldgiai és
kereskedelmi értékii félkész- és késztermékekké (output). A z6ldmalom egyik jellemzdje, hogy
a bevitt z6ldanyagot alkotd novényi sejtek plazmajat hatékonyan és gyorsan elvalasztja a
sejtfalaktol és rostoktol, megallitja a biokémiai lebonté mechanizmusok mikodését, és
megfeleld technologiaval konzervalja a sejteket alkotd biologiailag értékes komponenseket
abban a formaban, amely veszteség nélkiil idealis a tovabbfeldolgozéas szamara. A z6ldmalom
tehat - hasonldéan a hagyomanyos malmok elvéhez — feltarja, frakcionalja és szortirozza az
ember (€s bizonyos gazdasagi 4llatai) altal nehezen emészthetd vagy emészthetetlen novényi
részek (zold) anyagait alkotd komponensek bizonyos részét, fogyaszthatd, emészthetd, tovabb
feldolgozhato termékekké. A zdldmalom technologidja lehetévé teszi a zold novényekben
talalhato biologiailag aktiv sejtet alkotd anyagok, nagy értékli komponenseinek iranyitott

koncentralasat, specialis névényi plazma-siiritmények eldallitasat és azok egymastol valod
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célszerii szeparalasat, tehat képes kiilonbozd ipari folyamatok szamara szant6f61don nagyértékii
nyersanyagokat termelni, feldolgozni. Ilyenek lehetnek természetes és biotechnologiai tton,
genetikai modositassal termelddé specidlis fehérjek, vitaminok, enzimek, biopolimérek is, és sok

mas értékes termék.

A természetben azok az allatok, amelyek a zold novényeket fogyasztjak és testiiket felépitik
belble, tulajdonképpen €16 z6ldmalmok. Ezek k6zé tartoznak, pl. a kér6dzok, 16, stb., amelyek
a zo0ld nyersanyagok feltarasa soran komplex biotechnolégiai miiveletsort hajtanak végre a
fiivek szajba torténd bevételétdl, elo-Orlésétol, a kérddzéssel €s fermentalassal a testet felépitd

anyagok beépitéseig, illetve a tej kivalasztasaig.

A szarvasmarha ebben a tekintetben olyan biotechnologiai munkagép, amely egy specialis
zO0ldmalom valamennyi funkcioit sajat €16 technologiai eszkoztaraval hajthatja végre. Ennek
analogidjara a termelést, emberi fogyasztast szolgdld meghatarozhato novények is
biotechnologiai munkagépek. Ilyen pl. a cukorrépa, cukornad, burgonya, buza, kukorica, szoja,
lucerna, kender, len, stb. Ezek olyan biotechnoldgiai munkagépnek is tekinthetok, amely a
légkori széndioxidbdl, a napsugarbdl, a talaj viz, dsvanyi so0ibol fehérjét és sok mas nagyon
értékes bioldgiailag aktiv anyagot termelnek, s ezeket sajatos céljaink érdekében lefol6zhessiik.
A XXI. szazadban eszkdzeink mar lehetdve teszik, hogy az élé munkagépeknek € megtervezett
funkcioit ipari termelési folyamatban — példaul a zdldmalmokban is — hatékonyabban és

értékgyarapitassal kamatoztassuk.

Ismeretes, hogy a zoldmalom egyes elemeit a multban mar megkisérelték megalkotni, akkor
atiit6 siker nélkiil. Elsdként a levélfehérje (Leaf Protein - LP) ipari termelésére tett igen jelentds
gyakorlati erdfeszitéseket kell megemliteniink a mult szazad hatvanas-hetvenes éveibdl. A
magyarorszagi VEPEX-rendszer (Vegetable Protein Extract) két levélfehérje koncentratum
(Leaf Protein Concentrate - LPC) el6allito iizeme is felépiilt (Tamasi és Acs), azonban a
korabeli dokumentumok szerint az akkori technologia az energiaar sajnalatos emelkedése miatt
gazdasagtalan lett. Ezekben az lizemekben a zld biomasszat eldszor megdrolték, majd az igy
kapott pépbdl a rostos frakciot elkiilonitették a zold juice-tol. Ez utdbbi frakcid fehérjéit
gdzbefuvassal koagulaltattak és centrifugalassal elkiilonitették a visszamaradd barna 1ét61, majd
megszaritottdk. A nemzetkozi szakirodalom szerint ezt a technoldgiat Normann Pirie elméleti
kisérletei alapoztak meg Angliaban, azonban Magyarorszagon kertilt ipari, izemi méretekben

eloszor kiprobaldsra. A barna levet mikroorganizmusok révén fermentaltak és igy nagyobb
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fehérje kitermelést érhettek el. Egy masik technoldgia szerint a zold biomassza présleve
porlasztassal keriilt szaritasra. A szénakészités fejlesztését jelentette a zoldtakarmanyok
mesterséges szaritasa. A szaritmany Orlésével nyert zold liszt, példaul lucernaliszt eldallités,
széles korben elterjedt modszer lett a vilagon. Hazankban a nyolcvanas évek elején mintegy
120 lucerna szarit6 iizem miikodott orszagszerte. Az un. forrdlevegds szaritok kozos jellemzoje,
hogy a szant6foldon lekaszalt, mérsékelten fonnyasztott és szecskazott zold lucerna
szaritohengerekben keriil megszaritasra. Egy tovabbi technologia lehetové teszi a szecskazott
¢és szaritott lucerna szar- és levélfrakciok elkiilonitését is. Ebbdl a leveles frakcid - Kisebb
rosttartalma kovetkeztében - magasabb biologiai értékii és jobb aron értékesithetd termék.
Korabban szamos allattarto telepen (pl. a Nagytétényi sertéshizlaldaban) az 50-60-as években,
a sertés takarmanyozdsra a zoldlucerndt kalapacsos dardloban pépesitették, majd azt
kozvetleniil az allatok moslékjaba keverték (rost és préslé egyiitt). Ezt az egyszerli és
eredményes modszert véllalatunk is alkalmazta kordbban iparszeri sertéshizlalod telepein.
Valamennyi ismertetett technologia k6zos sajatossaga az, hogy nem, vagy csak korlatozott
mértékben teszik lehetévé a zO6ld biomassza aktiv anyagainak energiatakarékos,
mindségmegdrzd hideg frakcionalasat és koncentralasat. Erre csak akkor nyilna mod, ha
kifejlesztésre keriilnének a zold préslé kozvetlen frakcionalasara é€s siritésére alkalmas, zart

rendszerti hideg szeparacids és dehidratalo technologiaval miikodoé z6ldmalmok.

A XXI. szazad embere szamara a zOldmalom-koncepcid realitas. Kiilfoldon a z6ldmalom
technologiat napjainkban kezdik kifejleszteni vallalatok, kutato intézetek, valamint az Europai
Unié gazdasagi és kutatas-fejlesztési gépezete is mellé all. Egy, a zoldmalom kritériumat is
megkdzelithetd, elsd kisérleti termeld egység kifejlesztése a 2000. év végén kezdddott el
Franciaorszagban. Ezt megel6zden 1993-ban, a France Luzerne javaslatara, az APEF
(Association pour la Promotion des Extraits Foliaires en Nutrition, Paris) kezdett hozza a
lucerna levél koncentratum human célra torténé hasznositasanak a programjahoz. A korabbi
technologia modositasaval ez mostanra lehetségessé valt: a kisérleti tizemet 1997-ben 6t cég -
koztikk az Alfa-Laval - bevonasaval inditottak el. 2000 novemberében az EU jovahagyta a
FRALUPRO nevii projektet (,,Fractionation of lucerne juice to create nutritional and
functional protein ingredients for the food and non-food industry” ) cimen és Chalons-en-
Champagne hatdraban hozzakezdtek az els6, 1.200 tonna / év kapacitasii rubisco-fehérjét
eléallito lizem tervezéséhez. A rubisco-fehérje (1,5-bifoszfat-karboxilaz-oxigenaz) a vilagon a
legnagyobb tomegben a természetben képzddo, a 1égkori széndioxid fixalasban kozremiikodod

kulcsfontossagli novényi enzimfehérje. Ki kell emelni, hogy a fotoszintetizald zold novények
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levélfehérje tomegének nagy részét ez a fehérje alkotja. Ez nyolc azonos kis alegységbdl és
nyolc azonos nagy alegységbdl 4llo6 molekula a kloroplasztiszok sztroma-allomanyaban
talalhat6. Kimutattak, hogy a magasabbrendii ndvényekben és a zoldalgadkban a kis alegység a
sejtmagban, a nagy alegység a szintestben irddik at. A kis alegység génje a kutatasok szerint a
fotoszintetizald szervezetek evolicidja soran keriilt 4t a sejtmagba. A rubisco nagy
alegységének nukleotid sorrendjét elsOként hataroztdk meg a szintest-gének kozott.
Esszencialis amindsavainak optimdlis Osszetétele alapjan a rubisco biologiai értéke azonos a
tojasfehérjével. Az elsé ilyen iranya kisérleteket az USA-ban végezték a mult szézad
nyolcvanas éveiben dohannyal. Akkor a kozgazdasagi feltételek nem kedveztek az iparszerii
technologia kifejlesztésének és bevezetésének. A Wisconsin Egyetem és az USDA Tejkutato
Kozpontja a kilencvenes évek masodik felében kifejlesztett egy lucerna-juice eldallitd és
feldolgoz6 rendszert. A kisérletekben pl. fitdz-t termeld transzgénikus lucernat vizsgalnak. Az
amerikai nagy allattenyésztd lizemek érdeklddése kiséri a zoldmalom fejlesztési programot:
mivel a lucerndban eldallithatd fitdz ara a szamitdsok szerint alacsonyabb lesz, mint a

fermentorban termelt enzim 4ra.

Egyes tovabbi, a zoldmalom kritériumat is megkozelithetd fejlesztés eredményei a natura
boltokban, bio-iizletek hal6zataban rendkiviil magas taplalkozasi, illetve gyogyszer-kiegészitd
hatasukkal hivjak fel magukra a figyelmet. Az Aloe sp. tropusi ndvény leveleib6dl késziilt juice
hazankban is beszerezhetd, mind rostos és szlrt valtozatokban, tartositoszerrel tartositott,
palackozott ivolé formaban. A kdzelmultban az olajfa (Olea europea L.) levelibdl készitett
préselt 1¢ liofilezett, koncentralt pora kapszuldlva gydgyhatast anyagként keriilt forgalomba.
Egyes boltokban a buzafii-1¢ kipréselésére alkalmas kis Orld-préseld gépek, valamint a hozza
eldallitott zold buzafli beszerezhetd hazi friss levél-juice eléallitasra és felhasznalasra. Ezek a

specialis nyers termékek importbdl keriilnek be az orszagba.

2.2. AKRISTALY 88 KFT, MINT K+F SZOLGALTATO VALLALT FELADATAINAK
ISMERTETESE

Szolgaltato feladata az 1. részfeladatban a Zoldmalom (Green Biorefinery, GB) témakorrel,
tovabba a hozzd kapcsolodd takarmanyozasi kisérletekkel és piacképes takarmanyok

kifejlesztésével kapcsolatos régebbi (2000 eldtti) és Gijabb (2000 utani) hazai és nemzetkozi
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szakirodalom felkutatasa, gyiijtése a teriiletet vezetd orszagok, kiemelten a dan, svéd, finn,
német, holland, USA-beli, kinai és angol kutato csoportok korében. Feladata kiterjed a relevans
GB szakirodalom elektronikusan (OCR — Optical Character Recognition) keresheté formaban
torténd rogzitésére és azok nyilvantartasdra is. Feladata tovabbd a feltart GB forrasok
ismereteinek Osszehasonlitd elemzése a Proteomill programban résztvevd kutatdcsoportok
munkéjanak a tdmogatésa - és a termékek eldallitasara szolgald gyartdsorok dsszehangolasa —
érdekében a régebbi és a leglijabb természettudomanyos, gazdasagi, piaci és miiszaki-

technologiai ismeretek alapjan, az alabbi részteriiletekre fokuszalva:

2.3. A TANULMANY CELJA, FELEPITESE, SZERKEZETE

A Kristaly 88 Kft szakemberei altal osszegyijtott, 1900 és 2020 kozotti mintegy 1200
szakirodalom bizonyitja, hogy a novények zold biomasszajaban dltalaban a magvakban
felhalmozodo anyagoknal nemcsak teriiletegységre vetitve mind mennyiségben, mind
minoségben lényegesen tobb biologiailag értékes anyag (fehérjék, aminosavak, vitaminok,
enzimek, stb.) van jelen kihasznalatlanul, hanem ezek hatékony kiaknazasara szamtalan kivalo
kozlemeény, szabadalom, know-how és kezdeményezés is napvilagot latott. A megbizas

keretében az alabbi szakmai gylijtemény all a rendelkezésiinkre (1. Tablazat):

I. Tablizat: OCR-RENDSZERREL KERESHETO RELEVANS PUBLIKACIOK,
SZABADALMAK ES EGYEB KOZLESEK SZAMA (DB) 1900-2020

OCR-RENDSZERREL
KORSZAK- , KERESHETO
HATAR KORSZAK MEGNEVEZESE PUBLIKACIOK

SZAMA (DB)
1900-1920 1. Osborn, Hopkins, Mc Collum korszak 93
1920-1945 2. Ereky korszak 203
1946-1980 3. Pirie korszak 205
1980-2000 4. Olajvalsag alatti és utani korszak 59
2000-2020 5. Zold fehérjefinomito korszak 442
Osszesen 1.-5. 1002
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A tanulmany célja ezen soksziniiség bemutatasa a témaban érintett szakemberek szamara,
kiilonos tekintettel a Proteomill projekt és az UNIDEB kutatok tajékoztatasara, és a jovo

épitéseére.

A tovabbiakban két részben ismertetésre keriil az elmult negyven év, a PROTEOMILL program
téemajaba illeszkedo, legfontosabb, mondhatni értéke, eredetisége, fontossdaga alapjan szelektalt
szakirodalma. Megjegyezziik, hogy dsszesen 501 db OCR programmal keresheté publikdcio

gyiijteménytinkbol célzottan valogattuk ki a bemutatdsra kiemelt munkdkat.

Egy Ujszer(i, a témaban jartas szakemberek szamara konnyen attekinthetd és informativ format

valasztottunk e tanulmany részére, két részre bontva, az alabbiak szerint:

e 1980-ban indul és 2000 ig terjed az 1. rész. Mondhatni akkortol kezdve, amikor az elsé
magyar (irhajos, Farkas Bertalan feljutott az Girbe.
o 2001-el kezdddik a II. rész, és 2020-ig, azaz napjainkig terjed. Mondhatni addig, amikor

ismét felmeriil magyar {irhajos, tirhajosok kikiildése az tirbe.

Mindkét rész tablazatos Osszeallitassal kezdddik, évenkénti tagozddasban szerkesztve
(fliggdleges oszlop). A szakmai kérdések harom teriiletre kiilonvalasztva, bontva kerlilnek

részletezésre vizszintesen tagolva, tigy, mint

1.) kozlemények,
2.) szabadalmak és/vagy know-how-k, tovabba

3.) megjegyzések, kovetkeztetések és/vagy gyakorlati értékelések.
Minden kozlemény OCR- programmal kereshetd formaban megtalalhato az elektronikus

adatbankban, amelyet pen-drive hordozon adjuk at és lehet terjeszteni az arra megfeleld

k6zonség szamara.
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3. A ZOLD NOVENYI BIOMASSZA FRAKCIONALASA ES A HATARTERULETEK
KUTATASI EREDMENYEI KULONOS TEKINTETTEL A ZOLD BIOFINOMITOK
GAZDASAGOS LEPTEKNOVELESERE

3.1. A SZAKIRODALOM, A SZABADALMI AKTIVITAS ES A RECEPCIOS
SAJATOSSAGOK TABLAZATOS ATTEKINTESE

3.1.1. Az olajvalsag alatti és utdni két évtized fobb eredményeinek tablazatos dsszefoglaldsa
(1980-2000) (II._Tdbldzat)

I1. Tablazat (folvtat6lagos)

Kulcsszavak: szerzék, intézmények, forrasok, mag- és levélfehérje-programok, a zoldérlés
idorendje és a korszak foszereploi. A buzasikér alapu miitej torténete. A zéldlucerna, illetve a

zold fiifélék biologiai, taplalkozasi és takarmanyozasi értékének kutatdsa.

MEGJEGYZESEK,
, .. , SZABADALMAK, KOVETKEZTETESEK
EV KOZLEMENYEK KNOW-HOW-K ES/VAGY
GYAKORLATI
ERTEKELESEK

R.S. Barber és munkatarsai llyen kisérletet 1927-ben Ereky
a lucerna levét, mint mar végzett Angliaban, fii és
egyediili takarmany lucerna zb6ldorleménnyel,
fehérjeforrast illetve 1ével. Az angol kutatok
tanulmanyoznak Angliaban megallapitjak, hogy a frissen
1980 | (Barber etal., 1981). préselt  lucernalé  magas
kalium-tartalom miatt nem
kedvezé a ndovendék malacok
taplalkozasara. Ez ellentmond
Ereky korabbi

kozleményeinek.
R.  Fiorentini és  C. | Ismereteink szerint szabadalom | Az olasz technoldgia szerves
Galoppini olasz kutatok | nem sziiletett az olasz eljarasbol. | polielektrolit (Superfloc)
beszamoloja olasz kezeléssel szétvalasztja a zold
tervezésti zold biofinomito 1ébdl kloplasztiszos frakciot,
1981 L Al . : o
pilot-izem 1étesitésérdl és majd a citoplazma frakciot
technologiajarol savas kezeléssel precipitalja

(Fiorentini, Galoppini, (2N HCI, pH=4)

1981)

1982 M. Taiseer és munkatarsai Taiseer et al.  (1982)
egyiptomi kisérletekrdl munkéjanak érdekessége, hogy
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szamolnak be (Taiseer et
al., 1982)

A Népszabadsag
terjedelmes cikkben szamol
be a hazai

levélfehérjekutatasok

aktualitasairol. Fényképet
kozol ¢élelmiszer-céli
bemutatorol (Pet6 G., 1982)

a kapott fehérje-
koncentratummal human
élelmiszereket készitettek, a
kovetkez6k  szerint: ,Leaf
protein isolates were
incorporated in some read’ to
eat popular foods i.e.
dehydrated vegetable soup,
dehydrated tahmia and fresh
butcher's sausage”. Az igy
kapott élelmiszerek kozil a
paradicsom levélfehérje
preparatumot human kostolon
is  elemezték. A  masik
érdekesség, hogy féleg

hulladaknak szamitd
zoldségféléket (bab,
paradicsom, fejeskaposzta,

illetve cukornddat hasznaltak
fel (Taiseer et al., 1982).

Pet6 Gabor Pal magyar
kozleményének érdekessége, a
fényképen kivil: hazai
fehérjeprogram-torténet (1971-
tél) nemzetkozi Osszefliggésel,
»tejbdl hus”, Vepex-program,
magfehérje koncentratum, a tej
ir6bol 1) ¢és egészségesebb
élelmiszerek elballitasa, ,,ne
csak egytink, hanem
taplalkozzunk is”  gondolat
(Pet6 G., 1982)

1983

Donald C. Young (Union OQil
Company of California, Los
Angeles, USA) szabadalmat nyujt
be az L(d)-tejsav izomér kivald
névényi novekedésszabalyozo
hatasardl (Young, 1983)

Ez a szabadalom azért érdekes,
mert az LPC-technologiak
sordn nagy mennyiségben
keletkez6 ~ barnalé  egyik
lehetséges ipari feldolgozasa és
tartositasa éppen a tejsavas
erjesztés. Ennek elézményeit
talaljuk meg Dorner Béla
(1920), Slide & Birkinshaw
(1938) szabadalmaiban, illetve

egy késébbi dan
szabadalomban (Kiel et al.,
2005), és mas

kozleményekben. Azt irja
Young (1983): ,, L-(d)-lactic
acid, the dextrorotatory isomer
of lactic acid, is an effective
plant growth regulant which
exhibits  classical  growth
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regulant activity at very low
concentrations and dosage
rates. It can be employed to
beneficially  stimulate  the
growth of all plant varieties
and is particularly useful for
stimulating the growth of
commercial crops. Thus, L-
lactic acid can be employed to
stimulate the growth of desired
plants and to stimulate the fruit
production of fruit-bearing
plants. Novel compositions
which comprise mixtures of L-
(d)-lactic acid and one or more

preservatives  which  are
sufficient to prevent the
hydrolytic and/or bacterial

decomposition of the active
isomer are also disclosed.”

1985

A hires svéd LPC-kutato,
Rof Carlsson (University of
Lund) kozleményt jelentet
meg egy lengyel kutatoval

Ertékes az  irodalom
Osszefoglalasa;

patkanyetetési kisérletet is
végeztek. (Calsson,

Hanczakowsky, 1985).

Ereky eredeti szabadalmai a
lucerna és fii 16 (z0ld tej) keverését
céloztak meg gabonafélék
lisztjével, illetve ehhez hasonld
hordozokkal. Carlsson €s
Hanczakowsky megallapitasa
részben Ereky-t igazolja. A
kozleményben a lucerna és a
Chenopodium quinoa levelébdl
kiilonboz6é modszerekkel kapott
fehér (klorofill-mentes,
citoplazma) LPC frakcié (WLPC)
szignifikdnsan
olajmentes szdjaliszt, a buzasikér,
a f616z0tt tej és a tejsavo biologiai
értékét.: ,,These results suggest

novelte az

that colourless leaf proteins
produced from lucerne and quinoa
extracts, could be a good

supplements for foods based on
cereals and milk. Their utilisation
in foods containing fish and meat
proteins need more research. On
the basis of this experiment it is not
possible to explain the mechanism
of improvement of nutritive value
of mixed proteins.”

Ezeknek a megfigyeléseknek nagy
jelentéséget kell tulajdonitani a
jovoben.

A szerzOk a kovetkez6t jegyzik
meg: ,White leaf protein
products were obtained from
Medicago sativa by
precipitation with isopropanol
and from Chenopodiurn quinoa
by heat fractionation and
ultrafiltration/diafiltration.

The isopropanol precipitated
protein  concentrate  from
Medicago  contained  less
protein and more ash than the
heat fractionated preparation
from  Chenopodium.  The
biological value of the protein
fraction obtained from
Medicago, estimated on rats
using the Thomas-Mitchell
balance method, was 59. The
biological value of the protein
preparation from
Chenopodiurn was low (36).
The preparations obtained
were mixed with soya bean
meal, wheat gluten, bone-meat
meal, fish meal, skim milk and
whey in a protein ratio 1:I. In
every case, except fish meal, the
biological value of the mixtures
was higher than that of each
component separately. This
improvement of the nutritive
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value can not be explained from
the amino acid composition;
possibly the lysine availability
was low. White leaf protein

can, with advantage,
supplement other food
proteins.” (Calsson,

Hanczakowsky, 1985).

1986

Norman W. Pirie ,Leaf
Protein Concentrate after
forty years” c. kozleménye
vilagitja meg a szakteriilet
els6 negyven évének az
eseményeit, eredményeit és
nehézségeit (Pirie, 1986)

Pirie a kezdeteket 1936-ra
teszi, valojaban az ICI kutato ,
Slade  angliai  munkajara
célozva. Nem  hivatkozik
Erekyre. Nyilvan azért, mert az
Ereky-process eredeti
formajaban a lucerna és fi
levébél nem  allitott eld
hokozléssel koncentratumot. A
Dorner-Ereky 1938-as munkat
nem ismerhette. A
kovetkezOket irja Pirie: ,,Early
articles on extracting leaf
protein in bulk stressed
mainly its potentialities as
human food: the contribution
which the process could make
to animal feeding seemed too
obvious to need emphasis.
When leaf crops are
harvested regularly in the
vegetative phase, the annual
yield of protein can be 3 or 4
times greater than the yield of
protein in a seed crop.” Majd
igy fejezi be: ,,When cropping
sequences have been found
which can keep extraction
equipment supplied during
the growing season, and when
equipment has been designed
which does not waste energy
in friction, and in rubbing
repeatedly material which
has already been rubbed,
fodder fractionation should
be profitable in wealthy
countries, obviate surplus
cereals, and replace imported
protein concentrates. The
process is however of still
greater value because it is
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simple, and well adapted to
small-scale production of
human food from loca
material for local use. This
separates the process sharply
from such projects as
cultivating algae and other
microorganisms, these get
more support, whether that is
assessed by research funding
or by attention in the
biotechnological or popular
press.”

Proéfétikus szavak; a torténelem
Pirie-t latszik igazolni az azo6ta
eltelt 35 évben.

1987

Brocklebank, M. P. angol
kutaté publikalja Large
Scale  Separation and
Isolation of Proteins c.
munkajat  (Brocklebank,
1987).

A szerz6 ismerteti az LPC rovid
torténetét benne Magyarorszag
szerepét, tovabba Osszefoglalja
az ismert fehérje kivonasi
modszereket. A mikrohullamu
fehérje-precipitaciot nem
targyalja. Jo attekintés;
inspiraciokat  lehet  beldle
meriteni (Brocklebank, 1987).

1989

A Hungaromix Agrarfejlesztd Kft
magyar szabadalmi bejelentése
(Bago et al., 1987), hét feltalalo
részvételével. A szabadalom
korabeli ipari hasznositasarol
nincs ismeretiink. Az eljaras nyers
szojababot és zOld lucernat
Osszekeverve és eldszaritva dolgoz
fel és pellettal.

A Hungaromix-féle talalmany
targya: ,, Eljards zéld névényi,
elonydsen - és/vagy szojaval
dusitott zold lucerna
fehérjekoncentrdatum

energiatakarékos eléallitasara,
amely szerint a vegetdcio
optimalis szakaszdaban kaszalt
és/vagy tejsavval kezelt zold
novényt, elonyosen  zold
lucernat  célszeriien  nyers
szojababbal  kiegészitve  és
elényosen mikrohullamu
energidaval vagy onmagaban
ismert eljardssal elészaritjuk és
a fonnyadt zéld novényt,
elényosen hokezelt  zold
lucerna és szojabab keveréket
onmagadban ismert , specidlis
apritoberendezéssel apritjuk és
vagy ismert eljardssal, de
nedvesites nélkiil preseljiik és
hiitjiik  és  pelletként-, vagy
preéselés nélkiil kozvetleniil z6ld
lisztkent, mint noveényi

18




Felndtt a Biotechnologia
Rt. Erdekes cikk jelenik
meg egy vidéki hirlapban.
A cikk szerint a korabbi
Vepex  eljarassal LPC
eléallitast nyaron, és az
almastritmény  eléallitast
télen egy iizemben végzik
(Pulay, 1989)

feherjekoncentratumot, fokent
sertés és szarnyas
takarmanyokban hasznosit-
juk”. (Bagé et al., 1987)

A Biotechnika Rt cikk lényege:
wMég a tarsasag elddje, a
VEPEX dolgozott ki egy
takarékos lucernaszaritasi
eljarast. Melynek lényege, hogy
az egy menetben betakaritott
lucerna preéselt nedvet
bestiritik, s ezzel egy teljes
ertékii  fehérjet  nyernek.
Beltartalma a legkivalobb
fehérjendvényével, a szojaéval
egyenértékii.  Energiatakaré-
kossaga pedig abbol adodik,
hogy megsporoljak a
lucernaszaritok oriasi
tiizeléanyag  felhasznaldsat,
hiszen e névény
nedvességtartalmat préseléssel
csokkentik. A hajdani VEPEX
eljarast fejlesztették tovabb a
Biotechnika Rt munkatarsai. A
gyakorlati  megvalositashoz
referenciaiizemet kerestek, s
meg is talaltik egy Szabolcs-
bakai Gazdasagi Tdrsasag
keretében. A szabolcsi téeszek
almalé-eléallito tarsuldsa
kérésének  megfeleléen  a
rendszer egy részét ugy
alakitottak at, hogy almaié
stivitésére is hasznalhassdk. Igy
igen szerencsésen az alma és a
lucerna hazasitasaval lehetéve
valik, az iizem folyamatos,
gazdasdgos miikodtetése.
Léveén a gyiimolces feldolgozadsa
szeptembertdl  tavaszig, a
fehérjenéveényé pedig tavasztol
oszig tart. Az almalésiirito mar
1988-ban iizemelt. Mig az
étkezési  alma  értékesitesi
lehetosegei  korlatozottak, a
suritmény nagyon jol eladhato
a kiilpiacokon. Ebben a
miifajban  éppen a  sokat
kritizalt Jonatan fajta dllja a
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versenyt, mert sav, cukor és
folytan
rendkiviil ~ jo suritmény
nyerheto,, (Pulay, 1989)

aromatartalma

1990

Koézlemény jelenik meg két
lengyel kutaté nevével az

LPC és gabonafélék
keverésének taplalo
értékérol (Julita

Maciejewicz-Rys and Piotr
Hanczakowski,
Improvement of the
Nutritive Value of Cereals
by Leaf Protein
Supplementation, 1989). Ez
a kozlemény Ereky korabbi
szabadalmainak és
munkainak tovabbi
tudomanyos igazolasa.

1990-ben  megjelenik a
kovetkezo fontos
kozlemény Efficient
utilization of alfalfa

(Medicago sativa L.) green
crop by fractionation. 1.
Yeast production from
deproteinised alfalfa juice
cimmel (Reddy et al,
1990). Ez a kozlemény a
barnalé  hasznositasanak
egyik értékes uttord
munkdja.

A Reddy et al. (1990) kozlemény
érdekessége az is, hogy az ICI
1938-ben mar szabadalmaztatott
egy olyan modszert, amely €lesztd
fii  é  lucernalén  torténd
tenyésztésre vonatkozott (Slide,
Birkinshaw, 1938). A Hollo et al.
féele Vepex eljaras is eldallitott
¢élesztével SCP-t. (Holl6 et al.,
1971).

A lengyel szerzok
figyelemremélto  megallapi-
tasa: ,,As was expected almost
all indices of the quality of the
cereal proteins were improved
by admixture with leaf protein.
Only the protein digestibility of
the mixtures was lower than
that of cereals alone. The
digestibility =~ of  mixtures
containing clover LPC protein
was lower than that of others,
though the digestibility of this
LPC on its own was not the
lowest. This observation is
difficult to explain. The results
of this investigation suggest
that a mixture of LPC and
cereals is a better feed
constituent than either
component alone because the
distribution of amino acids, eg
lysine and sulphur amino acids,

is to some extent
complementary”
(Maciejewicz-Rys,
Hanczakowski, 1990)

Reddy et al. (1990-es

kozleménye megallapitja:

LIt has been reported that
alfalfa  deproteinise  djuice
(DPJ)) has a comparatively
small amount of sugars, and
also it has some soluble
substances that prevent yeast
from growing luxuriously . But
in the present experiment,
almost the same amount of
yeast yield was obtained on
DPJ by steam coagulation
when compared to the yield
from mixed jucie of malt, yeast
extracts, glueose and peptone.
Yeast yields were less on DPJ
which was obtained from green
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juice (GJ) fermented
anaerobically than from that of
steam coagulation; addition of
glucose or (NH4)2S04 and
KH2P04 to it was not effective.
But, when it was treated with
resin Diaion HP-20 yeast
yields were improved, and
supplementation of (NH4)2S04
and KH2PO, after treatment
with Diaion resulted much
more yeast yields. The DPJ
obtained from glucose added
and anaerobically fermented
GJ did not prevent yeast
growth and was better than that
of fractionated DPJ by steam
coagulation as the yeast
culture. The best yeast yield
was obtained when it was
treated with Diaion HP-20 and
then added (NH4)2S04 and
KH2P04. Although treatment
with Diaion HP-20 improved a
littl eyeast yields, but it is not
suitable  practically  from
economical point of view for
unconcentrated DPJ in green
crop fractionation (GCF)
process.”

1996

Megjelenik a Nutritional
Evaluation of Leaf Protein
Extracted from  Three
Aquatic  Plants  cimii
kozlemény indiai
szerzOktél (Dewanji, Matai,
1996)

A szerzok  megallapitjak:
,,Proteins extracted from the
leaves  of  Alternanthera
philoxeroides, Lemna minor,
and Pistia stratiotes were
evaluated for their nutritional
quality using rat feeding
experiments. It was found that a
3% level of supplementation of
leaf protein extracted from L.
minor and P. stratiotes
significantly  improved the
nutritive value of a wheat flour
diet, thereby indicating that
they could be wused as
supplements in feeds or foods
to improve the quality as well
as protein levels of deficient
diets.”...,,Exploitation of
aquatic weeds which are
otherwise of no economic
importance would not only be a
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step toward better resource
utilization for additional food
production but would also help
to solve the weed eradication
problem.” (Dewanji, Matai,
1996)

1998

Megjelenik D. Sessa ésJ. L.
Willet szerkesztésében
Paradigm for Successful
Utilization of Renewable
Resources c¢. munkaja
(Sessa, Willet, 1998)

Ebben a kozleményben a
szerzOk a kovetkez6 bioipari
forradalom fejlesztéseit
prognosztizaljak, az alabbiak
szerint: ,,An imperative need
to develop new industrial
markets for plant
materials has arisen as a
result of expanded
processing in the soybean
and  corn industries.
These agricultural
commodities and their co-
products from processing
contain proteinaceous,
polysaccharide, and [ipid
materials that embody a
variety of chemical
functionalities. Chemical
modifications of these
materials can be used to
add. enhance, or Inhibit
functionalities in order
to tailor products with

specific attributes.
Techniques used to
characterize the
molecular basis of

functional ity in this
book include innovative
uses of nuclear magnetic
resonance and Raman
spectroscopies. Molecular
populations resulting
from a network formation
are  characterized by
rheological  techniques.
Computer modeling is used
to  assess structure-
property  relationships.
These functionalities and
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their assessments are
essential to generating

technologically
important, value-added
proaducts such as

thickening and gelling
agents, stabilizers for
suspensions, agents for
flocculating and
clarifying  suspensions,
coatings, materials with
film forming and sheet
forming capabilities, and
agents for bonding of
solids, retention  of
moisture, and
complexing.” (Sessa, Willet,
1998)

1999

Megjelenik Rajesh
Khanduji_Jadhav és A.M.
Mungikar D.P kdzleménye
Exploitation of
Deproteinised Leaf Juice
For The Production Of
Fungal Metabolites cimmel
a Proceedings in Frontiers
In__Fungal Biotechnology
And Plant Pathogen (_Prof.
Manoharachary  Edition)
(Jadhav, Mungikar, 1999).

Megallapitjak: ,,Deproteinised
leaf extract of lucerne
supported the growth of 10
fungi and these fungal species
secreted appreciable quantities
of hydrolytic enzymes. The
production of substrate induced
enzyme cellulase was more
when Aspergillus niger was
grown on deproteinised leaf
juice  (DPJ) rather than
conventional glucose nitrate
(GN) medium.The results
suggested suitability of DPJ (a
byproduct left after extraction
of leaf protein) for growing
fungi for the production of
enzymes and other fungal
metabolites.” (Jadhav,
Mungikar, 1999).

Az indiai szerz6k DPJ-r6l sz616
késébbi  kozleményei nagy
jelentéségliek a mai kutatdsok
tervezéséhez
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3.1.2. Az olajvdlsdag alatti és utdani két évtized fobb eredményeinek témadokumentdcioja
(1980-2000)

1980

1/1. sz. dokumentum: R.S. Barber és munkatarsai a lucerna levét, mint egyediili takarmany
fehérjeforrast tanulmanyoznak Angliaban (Barber et al., 1981).

Animal Feed Science and Technology, 6 (1981) 35—41 35
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

LUCERNE JUICE AS A PROTEIN SUPPLEMENT FOR GROWING PIGS:
EFFECTS OF MINERAL CONTENT OF THE DIET AND OF THE WATER
SUPPLY

R.S. BARBER, R. BRAUDE, K.G. MITCHELL and L.G. PARTRIDGE
National Institute for Research in Dairying, Shinfield, Reading, RG2 9AT (Gt. Britain)
(Received 7 May 1980; accepted for publication 1 September 1980)

ABSTRACT

Barber, R.S., Braude, R., Mitchell, K.G, and Partridge, 1.G., 1981. Lucerne juice as a pro-
tein supplement for growing pigs: effects of mineral content of the diet and of the
water supply. Anim. Feed Sci. Technol., 6: 3541,

In two trials, pigs were given lucerne juice (LJ) as the only protein supplement from
20—90 kg liveweight. The effects of reducing the mineral supplementation of the meal
given with LJ and of increasing water intake were studied,

In Trial 1, a total of 45 pigs were given either control diets with 7% white-fish meal to
54 kg liveweight and 3.5% thereafter, or diets in which the fish meal provided by the con-
trol diets was replaced with Ld. The meal mixture given with LJ was either supplemented
or unsupplemented with limestone flour, dicalcium phosphate and salt. In the former
case, as in previous studies, the Ca, P and Na content of L.J was not taken into account in
formulating the meal mixture; in the latter treatment, taking these into account elimi-
nated the need for supplements.

In Trial 2, 18 pigs received LdJ at a similar level to that given in Trial 1, together with
a meal mixture without the mineral supplements. The water intake of half the pigs was
restricted to 2.5 1/kg meal, including the water in LJ. The remaining pigs had, in addition,
a supply of water ad libitum,

The pigs given LJ in Trial 1 had much lower growth rates and feed: gain ratios than the
controls given white-fish meal. A significant, but relatively small, improvement in perfor-
mance was achieved by giving LJ with the unsupplemented meal rather than with meal
supplemented with minerals. In Trial 2, supplying additional water ad libitum significant-
ly increased feed intake, There was a tendency for this to increase daily gain, although the
difference was not significant.

Despite the improvements due to adjustments of mineral and water intake, the perfor-
mance of the pigs given LJ as the only protein supplement was unsatisfactory. This may
be due to the very high level of potassium in LJ. This cannot be taken into account in
formulating a practical basal meal mixture.

INTRODUCTION
Previous reports from Shinfield discussed the use of lucerne juice (LdJ)

given either in a preserved form (Barber et al., 1979) or fresh (Barber et al.,
1980), as a protein supplement for growing pigs. It was concluded that LJ

0377-8401/81/0000—0000/$02.50 © 1981 — Elsevier Scientific Publishing Company
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1980 (1/1 folytatas)

41
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1981

1/2. sz. dokumentum: R. Fiorentini és C. Galoppini olasz kutatok beszamoloja olasz tervezésii
z0ld biofinomito pilot-lizem 1étesitésérdl és technologiajarol (Fiorentini, Galoppini, 1981)

Pilot Plant Production of an Edible Alfalfa
Protein Concentrate

R, FIORENTINI and C, GALOPPINI

ABSTRACT

This paper reports the development of 4 pilot plent scale wet frac-
tionation process to obtain an edible leaf protein concentrate from

ing the successful results obtained in the labora-
tory tests, a pilot plant has been set up. The pilot plant and
an analysis of the products obtained via this process are
here described.

alfalfa juice by the recovery of the ang
cytoplasmatic proteins. The green pigmented fraction is recovered
al room lemperature by employing an organic pelyelectrolyte,
while the cdiblc white proteins are coagulated by acidification to
pH 4.0. The pilot plant and working eonditions are deseribed to-
gether with the chemical compasition of the final products. Some
functional properties of cytoplasmatic protein concentrate are also
reported. Since the whole process takes place at room temperature
the cytoplasmatic protein concentratc shows good functional prop-
erties especially with regard {o its nitrogen solubility,

INTRODUCTION

DURING the last 30 vears significant developments have
been made in the study of wet green crop fractionation
to produce lcal protein concentrate (LPC) for animal
feeding (Koegel et al., 1976; Bray and Humphries, 1978;
Pirie, 1978). This is emphasized by the large number of
industrial plants which have been built in several countries,
especially in Europe (Fiorentini ot al., 1978).

In spite of its high protein content and good nutritive
value, the LPC has been rejected for human consumption
because of its bitter, grassy flavor and dark green color.
This is why research in progress is essentially directed to-
wards obluining whole decolofzed LPC and developing
methods for the fractionated recovery of the green feed-
grade and white food-grade proteins left in the expressed
juice. It is here that the Pro-Xan II process deserves a
special mention. This process, which was set up at the
USDA's Western Regional Research Center (Bickoff and
Kohler, 1974), uses a differential heating technique and
has been operating en a pilet scale since as early as 1975
(Fdwards et al,, 1975). Also relevant is the research recent-
1y carried out by Knuckles et al. (1980) concerning the use
of flocculants to separate insoluble and soluble protein
fractions from alfalfa.

Work in this field is also being carried out in Ttaly as
part of a project of the Italian Research Council. The
research so far completed at the Istituto di [ndustrie
Agrarie of the University of Pisa has resulted in the design-
ing of a process for the preparation of a soluble white pro-
tein whose nutritional value and functional properties
favor its use in foods for human consumption. In this
process, which has already been icsted on a laboratory
scale (Fiorentini, 1980), the green chioroplastic protein
fraction of the juice is recoversed at room temperature
by employing an organic polyelectrolyte (Superiloc A 150,
Cyanamid Iralia, Milano), whilst the cdible white protein,
is coagulated by acidification to pH 4.0. This protein,
although partially originated in the chioroplasts, is usually
called cytoplasmatic; for such reason we will use this term
in the text.

Authors Fiorentini and Galoppini are affiliated with Istituto i In-
dustrie Agrarie deft Universitd, 56700 Piss, Italy.

1514—JOURNAL OF FOOD SCIENCE—Valume 46 (1981)

EXPERIMENTAL

Pilot plant procedure

The leaf material used was a local field grown vatiety of alfalfa
(Medicago sativa L.) which was harvested at its optimum stage of
growth for wet fractionation {pre-flowering); the pilot plant process
was begun within an hour of cutting. Figure 1 summarizes the whole
fractionation scheme. The grass was first washed in Tunning waier
and then transferred to the chopping and pressing machine which
consists of a feeder, a hammer mill and a screw press; the machine

teeno, Genova, mod. AGRI 4/6} has an operating capacity of
about 3 g/hr of fresh grass. The alfalfa was sprayed on the feeder
with 2 5% sodium metabisulfite sobution adjusted to pil 6 (Edwards
et al,, 1975). The amount used to obtain 3 SO concentration of
approximately 200 ppm was equivalent to 1% of the alfalfa. The
expressed juice was then ceutrifuged to remove any remaining
fiber particles in a high-speed, disk-type, solids discharging centri-
fuge operating at 6,500 rpm (Veronesi, Bologna, mod. BSCAB
1500).

‘The coagulation of the chloroplastic protein fraction of the juice
was earried oul al roum temperature, after being adjusted to pIL
8.5 with 2N NaOH, by sdding u selution of Superfloc A 150 (0.5g/
litery until the polyelectrolyte concentration reached 18 ppm. A
horizontal decanter opersting at 6,000 rpm (Comicondor, Milano,
mod. DS 15) was used to recover the green protein coagulum,
The supernatant liquid (serum [) was then clarified by using the
above-mentioned disk-iype centrifuge. The feed rate for the two
centrifuges set up in sequence was 200 Jiters/hr,

The coagulation of the cytoplasmatic protein remaining in the
serum [ was achieved by adjusting the pH to 4.0 with 2N HCl
The coagulum was then separated by a two-stage centrifugation
Using the above-mentioned decanter and disk-type centeifuge. Here
too the feed rate was 200 liters/hr. The protein cake was finally
resuspended in 100 volumes of water adjusted 1o pH 4.0 and centri
fuged again.

The adjustments to the pH, the coagulations and the washing of
the protein cake were all carried out in stainless steel tanks (500
liter capacity) with slowly rotating paddles (75 rpm). Centrifugal
pumps {Lowara, Vicenza, med, FY 130) were used to move the
liquids. The products were dried on a laboratory model fluidized
bed drier (Retsch, Genova, mod. TG), aperating at temperatures
below 90°C; protein cakes were previously extruded through a 0.5
em die.

Chemical analyses

The approximate chemical composition of cach sample was
worked out according 10 the ADAC Methods, while protein digest-
ibility was determined by the pepsin-trypsin method of Saunders
etal. (1973).

The carotene and {otal xanthophyll content of the press cake
and chloroplastic LPC were determined by the ADAC Methods
and the method sugzested by Knuckles et al (1971).

‘The amino acid composition of cytoplasmatic LPC was deter-
mined by the method uf Moure et al. (1938), after hydrolysis with
6N HCl in a vacuum scaled test-tube at 100°C for 24 hr. Values
were based on the total nitrogen tecovered as amino acids and
ammenia-
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1981 (1/2 folytatas)
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Fig. 1—Pilot plant schema,
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1981 (1/2 folytatas

Chemical compasition of the products

The results of the analyses carried out on the products
obtained from the process are shown in Table 2. The data
concemning the press cake reveal that it still contains rela-
tively high quantities of crude proteins (15.6%) with a good
digestiblility (70.5%) and the amounts of carotene (170
ppm) and total xanthophyll (284 ppm) are only slightly
less than those for original alfalfa. For this reason it could
be used directly in the feeding of polygastrics without any
nitrogen supplement being necessary.

Data concerning the chloroplastic LPC reveal that it is
high in both crude protein content (42.5%) and protein
digestibility (79.1%). Since it is also very high in carotene
(387 ppm) and total xanthophyll (913ppm), it could be
used very successfully as a protein, pigment and vitamin
supplement in the feeding of monogastrics, especially
poultry,

It can be seen from the data on the cytoplasmatic LPC
that as well as having a very high protein content (73.9%),
90% of the protein is digestible and there is virtually no
fiber. In Table 3 the amino acid composition of cytoplas-
matic LPC is compared to the FAOQ’s adult amino acid
scoring pattern (FAQ, 1973). With the exception of lysine
and particularly of methionine + cystine, of which there
are slight deficiencies, all the essential amino acids are pres.
ent in quantities well above those recommended

of LrC

The profile in Figure 2 describes the nitrogen solubility
as a function of pH. It reveals very clearly how the solubil-
ity of the nitrogen is around 90% under alkaline conditions
(pH 10) and how it is still fairly good (40%) under acidic
conditions (pH 2). Since cytoplasmatic proteins recovered

by heat coagulation display a solubi of less than 10%
(Betschart, 1974) it follows that the cytoplasmatic LPC
recovered via this process is much less denatured.

The tested of the
LPC are summarized in Table 4. The water absorption
capacity, which is a useful property enabling the concentrate
to be added to moist baked and sausage-type products, is
4.5 ml water/g LPC. This figure is reasonably high and
agrees with that recorded for similar products by Wang
and Kinsella (1976).

The lipid absorption capacity, which is a useful charac-
teristic enabling the LPC to be used in food containing
lipids, is very high (4.1 ml oil/g LPC) and decidedly higher
than that recorded for soya protein concentrates and iso-
lates (Wang and Kinsella, 1976).

The emulsifying properties, which are useful charac-
teristics for several different food systems where proteins
are mixed with lipids and water, are affected by the pH as
is shown in Figure 3. The maximum for the emulsifying
activity and heat stability of the emulsions occurs at pH
6 and their pH-profiles are very close to those, also for
alfalfa, noted by Wang and Kinsella (1976), The profile
degerihing the stability of the emulsion it more or less
constant between pH 4 and pH 10 and displays an absence
of the emulsion under very acidic conditions (pH 2). As
shown in Table 4 the addition of NaCl slightly reduces
both the emulsifying activity and the stability of the
emulsion, while sucrose appreciably increases the emulsi-
fying activity (52.8% compared to 47.3%) and to a lesser

Table 3-Amino acid composition of cytaplasmatic LPC (g/16 g NJ.

FAO's adult
Cytoplasmatic amino acid
Amino acid LPC scoring pattern
Table 1—Material balance for 1,000 kg of fresh alfalts . o0
. .
Weight/kg) Arginine 5.1
ight/kg — Aspartic acid 8.0
Apda ory Crude Cystine + methionine 2.7 35
basis  basis pratein Glutamic acid 122
Glycine 57
Inflow Histidine 28
fresh alfalfa 1000 2390 500 Jsoleucine 56
water, wash 2750 = - 10.0 7.0
bisulfite solution (5% w/v) 10 05 - 54 55
NG 2N ) o 30 - nine + Tyrosine 107 6.0
superfloc A 160 solution (0.6 o/l 40 tr. - 37
HCI 2N 110 76 - 55
Total 3950 2501 60.0 Threonine 5.6 4.0
Valine 639 5.0
Outflow e
alfalfa press cake 550  168.5 6.5 Total 96.7
chioroplastic protein cake a0 200 8.5 Ammonia 13
cytoslasmaticprowi cake el M3 Smemnan wa o i,
wash solution 2062 14 0.3
Total 3850  260.1 50.0 Table 4—Some functional properties of cytoplasmatic LPC
Water absarption capacity (ml H;0/g LPC) 45
Table 2—Products compotition (dry basis) and pratein digestibility Lipid absorption cep?s)w {mi iifg LPC) a1
ifying activity
Press  Chloroplastic  Cytoplasmatic Hp0 (pH 4.0} 4713
calm LPC NaCl (1M) 450
- Sucrose (50% wiv] 528
Protein (N x 6,25) (%} 156 425 738 HHeat stability of the emuisions (%)
Fat (%) a0 EX 14 H3z0 (pH 4.0} 435
Fiber (%) 265 43 05 NaCi (1M} 421
Ash (%) 123 158 12 Sucrose (50% w/vl 450
N-free extract (%) 416 278 20 CIE chromatic characteristics
Carotene (ppm) 170 387 - CIE HUE (nm) 580
Xanthophyll {ppm) 284 813 — CIE SAT (%] 284
Protein digestibility (%) 705 79.1 90.0 CIE LUM (%) 459
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LEAF PROTEIN ISOLATES FROM SOME EGYPTIAN
CROPS

Taiseer M. ABo BAKR, M. S. MOHAMED & E. K. MoustaFa

Food Science Department, Faculty of Agriculture,
University of Alexandria, Alexandria, Egypt

(Received: 18 December, 1981)

ABSTRACT

The optimum conditions for the extraction of nitregen from the leaves of four species
of Egyptian crops—bean (Phaseolus vulgaris), cabbage (Brassica oleracea), tomato
{Lycopersicon esculentum) and sugar cane (Saccharum officinarum)—were studied.
Nitrogen solubility increased above pH 6 and below pH 3. The isoelectric point of the
extracted proteins was in the pH range 3-5-4-5.

The leaf protein isolates of the four species were prepared and the chemical
composition was studied. Leaf protein isolates were incorporated in some ready to eat
popular foods—i.e. dehydrated vegetable soup, dehydrated tahmia and fresh
butcher's sausage.

INTRODUCTION

There is an acute shortage of protein foods of high biological value among large
segments of the world’s population, especially in developing countries where protein
deficiency, both in quality and quantity, causes widespread malnutrition and
undernutrition (Kinsella, 1970).

Numerous investigations have focused on the possibility of utilising proteins
obtained from green leaves as dietary supplements to improve the quality, as well as
raise the protein level, of deficient diets (Pirie, 1969; Stahmann, 1970).

Extraction and concentration of protein from plant leaves have been under study
in several laboratories in the United States, Great Britain, Africa and India.

The present work was aimed at preparing leaf protein isolates from some
Egyptian crops in order to study their chemical composition and incorporate them
in some local foods. The crops chosen were those cultivated in large areas whose
leaves remain green at maturity.
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The lipids content (including chlorophyll and other fat soluble pigments) of leaf
proteins varied from 14-2 % to 179 % which may be regarded as useful components
in the isolates.

The bean isolate contained the lowest content of ash (3-4 %) while that of sugar
cane contained the highest value of ash (8-1Y,). The ash content of the leaf protein
concentrates depends on the amount of salts which are co-precipitated with the
protein. Concentrate from the dried leaf proteins contained about 2-12 %, ash (Aziz,
1970; Hartman et al., 1967). The results in Table 3 indicate that the fibre content of
the leaf protein isolates ranged from 03 to 1-4 ;. These results are lower than those
reported by other investigators (Doraiswamy et al., 1969; Tao et al., 1972; Devi et
al., 1966). Low fibre content raises the quality of leaf protein isolates.

Supplementation with leaf protein isolates

Kamalanathan & Devadas (1971) showed that leaf protein concentrate was more
acceptable in foods which were normally green or dark in colour and when the
strong flavours were masked by spices. Pirie (1971) reported that the amount of leaf
protein eaten per day should probably not exceed 10 g in adults and less in children.

The following experiments were carried out in order to incorporate leaf proteins
in some widely consumed foods using the protein isolate from tomato leaves.

(a) Dehydrated regetable soup: The isolate was added to the dehydrated
vegetable soup in the proportions 5, 7-5 and 10", based on the weight of the recipe,
and soups were examined for their characteristics, namely, colour, flavour and
lexture after reconstitution.

The results indicate that the product containing the isolate in a proportion higher
than 7-5°, was judged to be unacceptable, while that containing 7-57, was
acceptable, with scores runging from good te very good. The sample containing § °
was accepted, as well us the standard (without leal protein).

(b) Dehydrated Tahmia powder: The isolate was added to the dehydrated Fahniia
mix at levels of 5, 7-5 and 109, and the taste testing panels showed that samples
containing leaf protein up to 7-5", were acceptable.

(¢} Burcher's sausage: Sausage in which part of the meat was replaced by broud
bean meal and leaf protein isolate (5, 10, 15 and 20° ) was prepared. The results of
the taste testing panels carried out on the fried product indicated that that
containing the leaf protein isolate in a proportion exceeding 15", was judged to be
unacceptable, while those containing lower levels were acceptable, receiving scores
ranging [rom good to very good.
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TABLE 3
CHEMICAL COMPOSITION OF LEAF PROTEIN ISOLATES
(On dry weight basis)

Constituents Leaf protein source

Bean Tomaro  Cabbage  Sugar cane

(") (%) (] (")
Nitrogen 111 10-0 10-2 769
Crude protein 69:2 62:6 639 480
Ether extract 14-2 149 17-9 155
Total sugars 113 143 10-3 259
Crude fibre 0-85 0-43 0-49 1:43
Ash 341 673 645 8:06
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Supplementation with leaf protein isolates

Kamalanathan & Devadas (1971) showed that leaf protein concentrate was more
acceptable in foods which were normally green or dark in colour and when the
strong flavours were masked by spices. Pirie (1971) reported that the amount of leaf
protein eaten per day should probably not exceed 10 g in adults and less in children,

The following experiments were carried out in order to incorporate leaf proteins
in some widely consumed foods using the protein isolate from tomato leaves.

(a) Dehydrated regetable soup: The isolate was added to the dehydrated
vegetable soup in the proportions 5, 7-5and 109, based on the weight of the recipe,
and soups were examined for their characteristics, namely, colour, flavour and
texture after reconstitution.

The results indicate that the product containing the isolate in a proportion higher
than 7-5%, was judged to be unacceptable, while that containing 7-5°%, was
acceptable, with scores ranging from good to very good. The sample containing 5,
was accepted, as well as the standard (without leaf protein).

(b) Dehydrated Tahmia powder: The isolate was added to the dehydrated Tafimia
mix at levels of 5, 7-5 and 10", and the taste testing panels showed that samples
containing leaf protein up to 7-5", were acceptable.

(¢) Buicher's sausage: Sausage in which part of the meat was replaced by broad
bean meal and leal protein isolate (5, 10, 15 and 20¢,) was prepared. The results of
the taste testing panels carried out on the fried product indicated that that
containing the leaf protein isolate in 4 proportion exceeding 15, was judged to be
unacceptable, while those containing lower levels were acceptable. receiving scores
ranging from good to very good.
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Fehérjekoncentratumokkal kiegészitett hideg- és melegkony-
hai ételek, hisipari készitmények, siitemények bemutatéja Bu-
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1/5. sz. dokumentum: Donald C. Young (Union Oil Company of California, Los Angeles,
USA) szabadalmat nyujt be az L(d)-tejsav izomér kivald6 ndvényi névekedé§s%e’1bély0?é
hatasarol (Young, 1983). Ez a szabadalom azért érdekes, mert az LPC-techn(r)loglak’ s?lzan
nagy mennyiségben keletkezo barnalé egyik lehetséges ipari feldolgozésa és tartogltasa
éppen a tejsavas erjesztés. Ennek elézményeit talaljuk meg Dorner Béla (.1920), Slide &
Birkinshaw (1938) szabadalmaiban, illetve egy késébbi dan szabadalomban (Kiel et al., 2005),
¢s mas kozleményekben.
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to stimulate the growth of desired plants and to stimu-
late the fruit production of fruit-bearing plants. Novel
compositions which comprise mixtures of L-(d)-lactic
acid and one or more preservatives which are sufficient
to prevent the hydrolytic and/or bacterial decomposi-
tion of the active isomer are also disclosed.

23 Claims, 1 Drawing Sheet
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15
stage of 7 ounces per acre of ethyl (L) lactate applied in
30 gallons per acre spray volume.

EXAMPLE 23

The operation described in Example 22 can be re-
peated by substituting 9 ounces per acre of 2-hydrox-
yethyl (L) lactate for the ethyl lactate employed in
Example 22 to increase fruit production.

EXAMPLE 24

Cabernet grapes can be treated to increase fruit pro-
duction by foliar application of 12 ounces per acre of
2-acetoxy (L) propionic acid per acre applied in 30
gallons per acre spray volume at the first berry stage.

EXAMPLE 25

The productivity of the Cabernet grapes described in
Example 24 can be increased by applying to the grapes
12 ounces per acre of 2-ethylhexyl (L) lactate in 30
gallons per acre foliar spray at the first berry stage.

EXAMPLE 26

Sylvaner Riesling grapes can be treated to increase
fruit production by foliar application of 20 ounces per
acre of 2-acetoxy sodium (L) propionate per acre ap-
plied in 30 gallons per acre spray volume at the first
berry stage.

While particular embodiments of the invention have
been described, it will be understood, of course, that the
invention is not limited thereto, since many obvious
modifications can be made, and it is intended to include
within this invention any such modifications as will fall
within the scope of the appended claims.

Having described my invention, I claim:

1. A method for stimulating the productivity of
plants, which comprises contacting said plants with a
productivity stimulating amount of a composition com-
prising a compound selected from the group consisting
of salts, esters and combinations thereof of lactic acid,
wherein the L-isomer constitutes the major portion of
said compound.

2. The method defined in claim 1, wherein said com-
pound is water soluble and forms lactate anion when
dissolved in water.

3. The method defined in claim 1, wherein said com-
pound has the empirical formula CHj3-CH(OY)-
CO(OX), X is selected from H, an organic or inorganic
cation, or a monovalent organic radical, Y is selected
from H and monovalent organic radicals, and the L-iso-
mer of said compound constitutes at least about 60 per-
cent of said compound.

4. The method defined in claim 3, wherein said com-
pound consist essentially of said L-isomer.

5. The method defined in claim 3, wherein said L-
isoner constitutes at least about 80 percent of said com-
pound.

6. The method defined in claim 3, wherein said or-
ganic radicals have 1 to about 10 carbon atoms.

7. The method defined in claim 3, wherein said or-
ganic radicals have 1 to about 4 carbon atoms, said
compound is soluble in water to the extent of at least 2

ounces per 100 gallons of water at 20° C., and said
L-isomer constitutes at least about 80 percent of said
compound.
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8. The method defined in claim 3, wherein at least one
of X and Y is other than hydrogen.

9. The method defined in claim 3, wherein Y is H and
X is other than H.

10. The method defined in claim 3, wherein Y is H
and X is ammonium or alkali metal cation.

11. The method defined in claim 1, wherein said com-
position is applied to the ground in the vicinity of the
root zone of said plants, either before or after the emer-
gence of said plants from the soil, and said plants are
selected from non-fruiting grasses.

12, The method defined in claim 1, wherein said
plants are selected from fruit-bearing plants, and to said
composition is foliarily applied to said fruit-bearing
plants during the fruit-bearing cycle of said plants.

13. A method for stimulating the productivity of the
plants, which comprises contacting said plants with a
productivity stimulating amount of a composition com-
prising a compound having the empirical formula CH;-
CH(OH)-COOX, wherein the L-isomer of said com-
pound comprises at least about 60 percent of said com-
pound.

14. The method defined in claim 13, wherein said
compound is water soluble.

15. The method defined in claim 13, wherein said
compound is water soluble, and said L-isomer consti-
tutes at least about 80 percent of said compound.

16. The method defined in claim 11, wherein said
compound consists essentially of said L-isomer.

17. The method defined in claim 13, wherein said
L-isomer constitutes at least about 80 percent of said
compound, said organic radicals have 1 to about 4 car-
bon atoms, and said compound is soluble in water to the
extent of at least 2 ounces per 100 gallons at 20° C.

18. The method defined in claim 17, wherein X is
other than hydrogen.

19. The method defined in claim 13, wherein said
L-isomer constitutes at least about 80 percent of said
compound, and X is selected from ammonium and alkali
metal cations.

20. A method for stimulating the productivity of
plants, which comprises introducing into said plants a
productivity stimulating amount of a composition com-
prising a compound having the empirical formula CH3-
CH(OH)-CO(OX), X is selected from H, monovalent
organic and inorganic cations and monovalent organic
radicals having 1 to about 10 carbon atoms, said com-
pound is soluble in water to the extent of at least 2
ounces per 100 gallons at 20° C., and the L-isomer of
said compound constitutes at least about 80 percent of
said compound.

21. The method defined in claim 20, wherein said
composition is applied to the ground in the vicinity of
the root zone of said plants, either before or after the
emergence of said plants, and said plants are selected
from non-fruiting grasses.

22. The method defined in claim 20, wherein said
plants are selected from fruit-bearing plants, and said
composition is foliarily applied to said fruit-bearing
plants during the fruit-bearing cycle of said plants.

23. The method defined in claim 20, wherein said
plants are selected from the group consisting of grains,
grasses, fiber crops, and fruiting plants, and said com-

pound consists essentially of said L-isomer.
£l * * * -



1985

1/6. sz. dokumentum: A hires svéd LPC-kutaté, Rof Carlsson (University of Lund)
kozleményt jelentet meg egy lengyel kutatoval Ertékes az irodalom osszefoglalisa;
patkanyetetési kisérletet is végeztek. (Calsson, Hanczakowsky, 1985). Ereky eredeti
szabadalmai a lucerna és fii 1é (zold tej) keverését céloztak meg gabonafélék lisztjével,
illetve ehhez hasonlo hordozékkal. Carlsson és Hanczakowsky megallapitisa részben
Ereky-t igazolja. A kdzleményben a lucerna és a Chenopodium quinoa levelébdl kiilonbozoé
modszerekkel kapott fehér (klorofill-mentes, citoplazma) LPC frakcido (WLPC) szignifikdnsan
novelte az olajmentes szojaliszt, a buzasikér, a f616z0ott tej €s a tejsavo biologiai értekét.

I. Sci. Food Agric. 1985, 36, 946-950

The Nutritive Value of Mixtures of White
Leaf Protein and Food Proteins

Rof Carlsson and Piotr Hanczakowski
University of Lund, Institute of Plant Physiology, Box 7007, 220 07 Lund, Sweden

and Institute of Animal Production, Department of Animal Nutrition, 32 083 Balice, Poland

(Manuscript received 6 March 1985)

White leaf protein products were obtained from Medicago sativa by precipitation
with isopropanol and from Chenopodium quinoa by heat fractionation and
ultrafiltration/diafiltration. The isopropanol precipitated protein concentrate from
Medicago contained less protein and more ash than the heat fractionated
preparation from Chenopodium. The biological value of the protein fraction
obtained from Medicago, estimated on rats using the Thomas-Mitchell balance
method, was 59. The biclogical value of the protein preparation from Chenopo-
dium was low (36). The preparations obtained were mixed with soya bean meal,
wheat gluten, bone-meat meal, fish meal, skim milk and whey in a protein ratio
1:1. In every case, except fish meal, the biological value of the mixtures was higher
than that of each component separately. This improvement of the nutritive value
can not be explained from the amino acid composition; possibly the lysine
availability was low. White leaf protein can, with advantage, supplement other food
proteins.

Keywords: Leaf protein; white leaf protein; nutritional value.

1. Introduction

Leaves are the most abundant source of protein for animals and human beings. Unfortunately
high fibre and water content and other factors limit their utilisation for non-ruminants.' However
leaf protein concentrates (LPC) are obtained from leaves by different processes.” The flavour
and green colour of unfractionated leaf protein concentrates may be less suitable for certain
human foods. The extracted leaf protein can be, in such cases fractionated into green and
non-green products using heat,? organic solvents® or flocculants.® The former preparation is a
pigment enriched product while the latter is a whitish protein isolate. Lucerne (alfalfa) isolate has
a high nutritive value comparable to that of casein® and it should be a good protein supplement
for human food. Betschart” has reviewed the use of white leaf protein in foods. However no
study of the in vivo value of white leaf protein in diets has been made. The white leaf protein
isolate could be used both to extend present but limited protein sources and to fortify their
nutritive value.

The nutritive value of mixtures of proteins can be higher than that of each component,
probably due to complementation of amino acids.® The white leaf protein isolate could be a good
protein supplement for food based on cereals because of its high content of lysine.” Beneficial
effects of supplementation of cereal-based diets for animals have been obtained with unfraction-
ated leaf protein.'”'" Other protein sources that could be extended with leaf protein are, for
example milk, meat, fish and soya bean. The present experiment studied the effects of mixtures
of white leaf protein from quinoa or lucerne and other protein sources as above, by in vivo
nitrogen balance assays.

946
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Table 2. Amino acid composition of proteins (g per 16 g N)

Lys His Arg Asp Thr Ser Glu Pro Gly Ala Cys Val Met Ie Leu Tyr Phe

White fraction of protein from:
Lucerne 55 20 S4 120 46 47 100 33 45 52 12 52 19 40 78 41 53
Quinoa 72 21 46 112 62 &0 123 61 49 57 15 65 24 S1 B2 57 56

Protein products:

Gluten L5 18 35 19 37 69 22 108 40 46 16 43 14 38 TS 34 47
Soya bean 50 22 61 97 28 3% 173 45 46 37 1% 31 20 34 To6 48 o7
Bone-meat meal 50 16 SE& 102 40 S8 170 106 154 47 15 43 18 38 83 32 51
Fish meal 61 20 82 77 37 35 1.0 47 84 68 07 46 24 41 5§ 23 23
Skim milk 62 23 29 113 41 52 185 93 59 31 L1 92 25 39 80 44 47
‘Whey 96 19 27 125 70 61 201 68 20 54 24 65 22 67 112 29 31

Table 3. Nutritive value of leaf proteins, protein products and their mixtures

White proiein Biological True digestibility Net protein
fraction from value (BV) (TD) utilization (NPU)*
Lucerne (LWF) 59 91 54
Quinoa (QWF) 36 8 28
Gluten e 100 32
Gluten + LWF 57 98 56
Gluten+QWF 5t 97 49
Soybean 55 S0 49
Soybean+LWF 62 50 56
Soybean+ QWF 60 93 56
Bone-meat meal 40 76 30
Bone meat meal+QWF “ 81 36
Fish meal 34 88 48
Fish meal+LWF 55 90 50
Fish meal+QWF 56 86 48
Skim milk 52 96 50
S| milk+LWF 64 94 60
Skim milk +QWF 63 Bl 7
Whey 63 100 63
Whey + QWF 68 96 65

“NPU=BVxTD/100.

of NPU) of mixtures of leaf protein with other proteins was in most instances higher than that of
each protein alone. The only exception was fish meal. The relatively high BV of lucerne protein
was lowered by mixing with fish meal protein and gluten. TD of the protein of the mixtures was
similar to the best ones of the individual proteins.
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1/7. sz._ dokumentum: Norman W. Pirie ,Leaf Protein Concentrate after forty years” c.
kozleménye vilagitja meg a szakteriilet els6 negyven évének az eseményeit, eredményeit és
nehézségeit (Pirie, 1986). Pirie a kezdeteket 1936-ra teszi, valojaban az ICI kutato , Slade
angliai munkajara célozva. Nem hivatkozik Erekyre. Nyilvan azért, mert az Ereky-process
eredeti formdjaban a lucerna és fii levébdl nem allitott eld hokdzléssel koncentratumot. A
Dorner-Ereky 1938-as munkat nem ismerhette.
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Leaf Protein after Forty Years

N. W. Pirie

Chall presents di: of im-

portant unsolved problems in medicine
and agriculture. In this article, N. W.
Pirie discusses the potential of leaf pro-
tein as a food source.

Early articles on extracting leaf protein
in bulk stressed mainly its potentialities
as human food: the contribution which
the process could make to animal
feeding seemed too obvious to need
emphasis. When leaf crops are harvested
regularly in the vegetative phase, the
annual yield of protein can be 3 or 4
times greater than the yield of protein in
a seed crop. Farmers do not use the
agronomic techniques needed to get
such large yields because the resulting
forage is too lush for convenient
handling and contains more protein
than a ruminant needs. But, when half
or more of the protein is extracted, the
residue still contains 1-5-2:0% N, ie.
about what is needed. Furthermore, it
has 2 or 3 times the dry-matter content
of the original crop and so can be
economically conserved by drying, and
there is no drip when it is ensiled.

In suitable climates, fodder fractiona-
tion could give unprecedented yields,
primarily of edible protein for people,
but also of feed for ruminants and
single-stomached animals. For 30 years
that suggestion was disputed or disre-
garded. Some real problems were over-
emphasized, and imaginary problems
invented. During the last decade, fodder
fractionation has been assessed more
rationally. There is now active research
inmany parts of the world on techniques
of extraction and on the value of the
productsin human and animal nutrition.
The results have been presented at
international conferences in India in
1982! and Japan in 19852 and in a
collective work.? All this material was
recently discussed in a general review.*

Local circumstances control the
aspect of fodder fractionation which is
of most interest. Where there is a food
shortage, land is scarce, and the climate
is relatively humid, most attention is
paid to the large yields of extracted leaf
protein (LP). Where there is a long
winter, so that conserved fodder is
necded, economical conservation of the
extracted residueis theattractive feature.

Where, because of cereal ‘mountains’,
farmers and the relevant government
departments search for substitute crops,
crops for LP seem one obvious answer.
The European Economic Community
has surplus wheat, and imports 90% of
the protein concentrates used by its pig
and poultry industries. LP, produced as
a substitute for cereals, could replace
part of that, No immediate change in
farming technique would be necded:
wheat cut green early in May, and again
in June, is an excellent source of LP.
Nevertheless, little interest is shown in
Britain, and in France LP is valued
mainly because the xanthophyll in it
gives chicken skin the yellow colour
which is there found attractive. A more
rational assessment of the situation is
overdue.

Although, as the comprehensive pub-
lications cited above show, much is
known about the merits of LP, the
techniques used for extracting it, and
the quality of the residual fibre, more
research is needed. Three aspects of
fodder fractionation need particular
attention: sources of leaf, design of
extraction equipment, and presentation
of LP in ordinary meals rather than as
a medicament.

LP is usually made from lucerne; it is
familiar but has many defects. LP made
from it has a stronger and less pleasant
flavour than LP made from many other
species, and juice from it tends to froth
inconveniently, While research was
mainly concerned with techniques of
extraction and with the quality of LP, it
was sensible to work with readily
available material. With the end of that
phase in research, it is time to search for
crops without the defects of lucerne. At
least 30 conventional crops, and by-
product leaves, are satisfactory sources:
more should be studied. There will be
little argument about the advisability of
making something useful from leaves
such as potato haulm, which are
usually wasted, or sugar beet tops,
which are often wasted. These could
supply more than 100,000 t of protein
(dry and 100%) annually in Britain.
Water weeds, which are now expensively
destroyed, and tree leaves when ‘energy
plantations’ become a reality, deserve
attention. The main source will however
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be crops grown primarily as sources of
LP and extracted residue. Ultimately,
plant breeders will sclect varieties, with
soft leaves and vigorous regrowth after
cutting, which give even larger yields of
LP than the varieties already used. In
the meantime, instead of discarding
them because they lack qualities of
conventional interest, when such vari-
eties appear they might be passed on to
institutes working on LP. New crops
have the disadvantage that farmers
may have to develop new techniques;
they have the advantage of being
potentially useful break crops.

Standard equipment designed for
processing fish or oilseeds was used in
some early attempts to make LP in
bulk. These units were unnecessarily
elaborate and exerted excessive pressure
which, with unlubricated material such
as leaf pulp, resulted in wasteful friction.
In some arrangements the crop was
disintegrated to an extent which made
juice scparation difficult, and too little
time was allowed for the juice to escape.
Guesses at the cost of production were
inflated by these mistakes. Anyone
designing equipment for making LP
should bear in mind the contrast
between the economical design usual in
agricultural equipment, and the lavish
style favoured by those making equip-
ment for the food industry.

There is no need to do more than rub
the crop thoroughly and press the pulp
lightly for several seconds. A further,
more intense pressing will be useful
when importance is attached to re-
moving moisture from the residue so
that it can be dried economically, but
the juice thus extracted contains little
LP. Several satisfactory units, process-
ing from a few kg to a few t hr™?, have
been described. All have minor defects;
much therefore remains to be done. No
novel point arises in coagulating, sep-
arating and storing LP. Whenever
possible it should be used as moist press-
cake. When that is impracticable LP,
like other foodstuffs, must be dried
carefully. The fluid which runs out from
the LP curd removes much of the
material responsible for the flavour or,
for example with potato haulm, toxicity
of the original crop. Leaves from
species normally considered inedible



can therefore be used as sources of LP
and forage. Any species which is useful
for the one purpose is likely to be useful
for the other.

Even when satisfied that a novel
foodstuffis wholesome and nutritionally
valuable, only a small fraction of any
population is willing to try it immedi-
ately without prejudice. Because of this
initial hesitation, sometimes called the
“first day syndrome’, much nonsense is
written about the fixity of food habits.
A little reflection on the inroads into
traditional diets made by such sophisti-
cated products as white bread and soft
drinks, shows that food habits are
flexible. More research is needed into
the techniques used by the food industry
to change food habits. It is obviously
easier to win acceptance in a Less
Developed Country if something has
the prestige of acceptance in a wealthy
country. That route to acceptance is not
open to those advocating a novel food
made on a small scale in an LDC.
Novelties in wealthy countries are
promoted by vast advertising expendi-
ture; that route also is not open.
Research is therefore needed on what
can be managed without prestige or
great expense. Success is already reason-
able. Wherever the problem has been
taken seriously, e.g. in Ghana, India,
Mexico and Pakistan, by peopie familiar
with local food habits, LP was accepted.
In Pakistan, teenagers came voluntarily
1o a canteen to get either milk or the
same amount of protein in LP. At first,
attendance for milk was more regular:
after a few weeks, attendance for LP
was slightly greater and there was
greater growth in that group. This
unexpected result was probably caused
by the carotene (provitamin A) in LP
correcting a slight vitamin A deficiency.

Further quantitative trials, in which
the growth of children and adolescents
is measured, are unnecessary and
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should be avoided because they some-
times cause resentment. It is established
that LP is acceptable and promotes
growth in those who are marginally
malnourished. The next step is to get it
made and used in humid countries
where other protein sources are scarce.
Protein is not the only scarce food
component. But it is one of them and its
recognized importance is shown by the
worldwide attention given to fishing,
and cultivating legume seeds. More
publicity for LP is therefore needed. It
is sometimes argued that those wishing
to improve conditions in poor countries
should respond only to the beneficiaries’
wishes. But people seldom want what
they do not know is attainable. LP is
often made with extraction equipment
designed for research on protein yields:
this looks elaborate. By contrast, some
equipment suggested for village or
domestic use looks crude. Work is
therefore needed to design equipment
with just the necessary amount of
sophistication. Innumerable design
changes lie behind such pleasing and
well-known devices as bicycles. LP
equipment will gradually be polished in
the same way.

Pig and poultry feeding trials in 1961,
with carefully made LP, showed that it
was as good as fish meal and better than
any commonly used seed protein. Some
trials since then have given more
variable results: this shows the need for
care, especially with drying, when
handling LP. Predictably, attempts to
feed pigs on unprocessed leaf juice have
seldom been successful; it was more
suitable as a milk-replacer for calves.
Largely because of such technical mis-
takes, coupled with the inflated estimates
of production costs already referred to,
doubts have been expressed about the
usefulness of LP in animal feeding.
There is no doubt about the value of the
residue as cattle feed. Trials in several
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countries show that it is readily eaten
and has better food value than an
unprocessed fodder with the same
nitrogen content. As would be expected,
the juice which is separated from
coagulated LP is a culture medium for
many microorganisms. That facet of
fodder fractionation has not yet been
exploited.

When cropping sequences have been
found which can keep extraction equip-
ment supplied during the growing
season, and when equipment has been
designed which does not waste energy in
friction, and in rubbing repeatedly
material which has already been
rubbed, fodder fractionation should be
profitable in wealthy countries, obviate
surplus cereals, and replace imported
protein concentrates. The process is
however of still greater value because it
is simple, and well adapted to small-scale
production of human food from local
material for local use. This separates the
process sharply from such projects as
cultivating algae and other microorgan-
isms, these get more support, whether
that is assessed by research funding or
by attention in the biotechnological or
popular press.
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1/8. sz. dokumentum: Brocklebank, M. P. angol kutaté publikalja Large Scale Separation and
Isolation of Proteins c¢. munkajat (Brocklebank, 1987). A szerzé ismerteti az LPC rovid
torténetét benne Magyarorszag szerepét, tovabba osszefoglalja az ismert fehérje kivonasi
modszereket. A mikrohullimi fehérje-precipitaciot nem targyalja. Jo attekintés;
inspirdcidkat lehet beldle meriteni (Brocklebank, 1987).

4
Large Scale Separation and Isolation of Proteins
M. P. BROCKLEBANK

John Brown Engineers and Constructors Ltd, Portsmouth, UK

INTRODUCTION

Proteins are a family of complex biological macromolecules produced by
and found only in plants and microbial and animal cell tissues. They
perform a variety of tasks in living systems, depending on their amino
acid content, structure and association with atoms and other molecules
of biological origin. Over the centuries, proteins have been recovered,
usually in very crude forms, from animal and plant tissues and used for
mainly domestic and food processing applications. In the last 20 years or
so much attention has been focussed on their production and usage as
essential dietary supplements, their potential for the conversion of non-
oil feedstocks such as carbohydrates, their potential for modifying existing
food products and, in very pure form, their health care applications.
Consequently the following usage categories may be identified:

(1) The utilisation of their amino acid content to provide the essential
and supplementary dietary components of human and animal
foods.

(2) The application of their useful physical properties, such as
elasticity, water retention and adhesion, in technologies such as
baking, cooking and adhesives manufacture.

(3) The use of their specific catalytic properties to interact with
other biological and synthetic organic chemicals and bring about
cleavage, additive or spatial molecular changes.

(4) The use of the specific biologically active properties of some

139
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3. RECOVERY PROCESS CONCEPTS

The objective of a protein recovery process is to produce, at acceptable
cost, the maximum yield of protein of sufficient purity and possessing the
desired compositional and functional properties. Therefore the following
constraints and observations apply to the physical and chemical operations
selected to recover a protein.

(1)  Their severity must be consistent with the desired product perform-
ance; e.g. recovery by heat denaturation and then flocculation is
acceptable for dietary proteins but completely unacceptable for
biologically active proteins.

(2) Product usage determines the level of purification required; e.g.
very little purification is needed to recover a gluten protein extract
from wheat, but separation techniques offering high levels of
fractionation must often be used to produce analytical enzymes
from animal or microbial sources.

(3) The recovery process scheme depends very much on the feedstock;
typical contaminants to be removed from the desired protein

Table 3
Protein Concentrations in Recovery Process Feedstocks
Feedstock Protein Concentration in

Seedstock
Fermentation broth Single cell protein 30 g/litre
Fermentation broth Starch enzymes 0-1-3 g/litre
Fermentation broth Glucose oxidase 0-2 g/litre
Fermentation broth B-Glucosidase 0-001 g/litre
Fermentation broth Insulin 0-08 g/litre
Fermentation broth Protein A 0-5 g/litre
Fermentation broth Interferon 1-10 mg/litre
Tissue culture Monoclonal antibodies 1-5mg/litre
Whey Whey protein 09% w/v
Leaf matter Leaf protein extract 5% wiw
Soya bean Soya meal T0% wiw
Meat processing wastes Various 0-1% w/v
Vegetable processing wastes Various 1-3% wiw

5.3.2. ‘Leaf”’ Proteins

Commercial scale processes for the recovery of animal feed leaf protein
concentrate (LPC) were developed and installed in California®’ and
Hungary®® in the early 1960s. However, relatively low soya costs, high
energy costs and an unreceptive market have prevented full comercial-
isation of these processes based on the extraction by maceration of the
protein-containing leaf juice. This is heated using live steam to around
80°C to precipitate protein followed by ageing to produce aggregates.
These can be centrifuged or directly spray dried to form a solid concentrate,
the overall process yield being approximately 50 kg of LPC from | tonne
of leaf feed.
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1989

1/9. sz. dokumentum: A Hungaromix Agrarfejlesztd Kft magyar szabadalmi bejelentése
(Bago et al., 1987), hét feltalalo részvételével. A szabadalom Kkorabeli ipari hasznositasarél
nincs ismeretiink. Az eljaras nyers szojababot és zold lucernat 6sszekeverve és elészaritva
dolgoz fel és pellettal. (Bago et al., 1989)
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A taldlmdny tdrgya: Eljdrds zold novényi, eldnydsen

- és/vagy sz6jdval didsitott zéld lucerna fehérjekoncent-
rdtum energiatakarékos elGdllitdsdra, amely szerint a
vegetdcid optimdlis szakaszdban kaszdl't és/vagy tejsav-
val kezelt zold novényt, elénydsen zdld lucerndt célsze-
rGen nyers szdjababbal kiegészitve és elfnydsen mikrohul-
14md energidval vagy onmagdban ismert eljdrdssal ellszda-
ritjuk és a fonnyadt zéld novényt, eldnyosen hdkezelt zdld
lucerna és szdjabab keveréket onmagdban ismert, specidlis
apritéberendezéssel apritjuk és vagy ismert eljédrdssal, de
nedvesités nélkiil préseljik és hGtjik és pelletként-, vagy
préselés nélkil kozvetleniil zold lisztként, mint ndvényi
fehér jekoncentrdtumot, féként sertés és szdrnyas takarmda-
nyokban hasznosit juk.
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1/10. sz. dokumentum: Felndtt a Biotechnologia Rt. Erdekes cikk jelenik meg egy vidéki

hirlapban. A cikk szerint a koriabbi Vepex eljarassal LPC eléallitast nyaron, és az
almasiiritmény eléallitast télen egy iizemben végzik (Pulay, 1989)

.
.

A biotechnika még csak a
gyerekkorat éli, azt mondjak,
hogy valodi gyilimdleseit
majd a jovo szazad élvezhe-
ti. De mar a mai mezdgaz-
dasagi gyakorlat is e fiatal
fudomany szamos eredmé-
nyét hasznositja. Zoldség-
félék és a burgonya virus-
mentesitésében, fertozés-
ellenallé fajtak létrehozasi-

- ban mar a biotechnolégii-
nak volt szerepe. Buzafaj-
tdk egyes gombabetegségek-
kel szembeni ellenilloképes-
ségét is eme eljirisnak ko-
szonhetjiik. Igy kevesebbet
kell majd kolteni a névény-
termeszioknek  vegyszerre,
raadasul jobb mindségi lesz
a termés.

Tatabanyan a Biotechniky
Rt. is ezeknek a miuszaki tu-
domanyos eredményeknek
elterjesztésén faradozik. A
részvénytarsasag 1981-ben a
VEPEX utédjaként jott lét-
re ipari bazison, hiszen ak-
koriban a részvényes 60 sza-
zalékban a Tatabanyai Szén-
banyak volt.

A tarsasag Budapesten és
Szegeden komoly kutatéba-
zissal rendelkezik. De a ku-
tatason és fejlesztésen tul a
mai gyakorlatot is szolgal-
jak, népszertiisitik Gj eljara-
saikat hazankban és a ha-
tarainkon tadl. Atfogé képet

nehéz lenne adni a tarsasag
sokréti, szerteagazé munka-
jarél, ezért csupan néhany,
a mezogazdasagi gyakorlatot
szolgal6é fejlesztésiikrol szo-
lunk. -

Még a tarsasag elédje, a
VEPEX dolgozott ki egy ta-
karékos - lucernaszaritiéasi el-
jarast. Melynek lényege,
hogy az egy menetben beta-
karitott lucerna préselt ned-
vét beslritik, s ezzel egy
teljes értékd fehérjét nyer-
nek. Beltartalma a legkiva-
l16bb fehérjenovényével, a
szojaéval egyenértéki. Ener-
giatakarékossdga pedig ab-
bél adédik, hogy megspérol-
jak a lucernaszariték o6riasi
tiizelbanyag  felhaszndlasat,
hiszen e ndvény nedvesség-
fartalmat préseléssel csok-
kentik. :

A hajdani VEPEX eljarast
fejlesztették  tovabb a Bio-
technika Rt munkatarsai. A
gvakorlati megvalésitashoz
referenciaiizemet kerestek, s
meg is talaltak egy Szabolcs-
bakai Gazdasagi Tarsasag
keretében. A szabolesi tée-
szek almalé-el6allito tarsula-
sa kérésének megfeleléen a
rendszer egy részét ugy ala-
kitottak at, hogy almalé sG-
ritésére is hasznalhassak. Igy
igen szerencsésen az alma és
a lucerna héazasitiasaval le-

hetévé valik. az tlizem folya-
matos, gazdasagos mikodte-
tése. Lévén a gyumoles
feldolgozasa szeptembertél
tavaszig, a fehérjenovényé
pedig tavasztol oszig tart.
Az almaléstrité mar 1988-
ban iizemelt. Mig az étkezési
alma értékesitési lehetdségei
korlatozottak, a sdritmény
nagyon jol eladhaté a kiil-
piacokon. Ebben a miifajban
éppen a sokat kritizalt jona-
tan fajta allja a versenyt,
mert sav, cukor és aroma-
tartalma folytdan rendkiviil
jo6 siiritmény’ nyerhetd beléle.
A Biotechnika Rt. nemcsak a
megyehatarokon tul szamol-
hat be sikerekrél. A Kornyei
Mezbgazdasagi Kombinattal
kozosen megalakitott gazda-
sagi tarsasag gyartja Euré-
paban egyediill a védett me-
tionint. Ezt a létfontossagi
aminésavat védoréteggel
vonjak be az eljaras soran.
Az eredménye, hogy 5 keze-
lés utan az osszetptt gyomru
szarvasmarha is hasznosita-
ni tudja.
+d

A Kkis orszagokban sziikség
van a szellemi energiak Kki-
aknazasara. Mint azt gz Ta-
tabanyai Szénbanyak mellett
felnott Biotechnika Rt pél-
daja is igazolja.

Pulay
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1/11. sz. dokumentum: Koézlemény jelenik meg két lengyel kutatd nevével az LPC és
gabonaf¢lék keverésének taplalo értékérdl (Julita Maciejewicz-Rys and Piotr Hanczakowski,
Improvement of the Nutritive Value of Cereals by Leaf Protein Supplementation, 1989). Ez a
kozlemény Ereky korabbi szabadalmainak és munkainak tovabbi tudomanyos igazolasa.

J Sci Food Agric 1990, 50, 99-104

Improvement of the Nutritive Value of Cereals by Leaf
Protein Supplementation

Julita Maciejewicz-Rys and Piotr Hanczakowski

Institute of Animal Production, Department of Animal Nutrition and Physiology,
32-083 Balice, Poland

(Received 27 January 1989; revised version received 28 February 1989;
accepted 12 March 1989)

ABSTRACT

The gross composition and amino acid content of the proteins of barley, corn,
rye and wheat grains were determined. Leaf protein concentrates (L PC) were
produced from the green matter of clover, lucerne, barley and ryegrass using
standard methods and analysed as for the cereal grains. Each cereal was
mixed with each concentrate at a protein ratio of 2:1, respectively. The
chemical score (CS) and essential amino acid index (EAAI) of the cereals, the
protein concentrates and their mixtures were calculated. The biological value
(BV) and true digestibility (TD) of all proteins were determined on rats using
the Thomas—Mitchell balance method.

LPC proteins contained more lysine (4:6-6-0 %,) but less cystine than cereal
proteins (28-3-8 and 2:3-2'7 g per 16 g N, respectively). The CS and BV of
LPC proteins were low (3040 and 44-58, respectively) because of the low
cystine content. Mixing cereals with LPC improved the CS, EAAI and BV of
their proteins. The BV of the protein mixtures was in almost every case higher
than that of either protein alone, but the digestibility of the cereal proteins
was reduced as a result of admixiure with LPC, especially with clover LPC.

Key words: Leaf protein concentrates, protein mixtures, cereal proteins.

INTRODUCTION

Leaf protein concentrates (L PC) produced from fresh green crops can be a valuable
source of protein for non-ruminants (Pirie 1978). Such concentrates are produced
by pulping the green material, squeezing out the juice, separating the protein from
the juice, usually by heat coagulation, and drying the protein coagulum. LPC are
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TABLE 3
Chemical score (CS), essential amino acid index (EAAI), biological value (BV) and true
digestibility (TD) of the proteins of LPCs, cereals and their mixtures

Preparation CS EAAI BV ™D
LPC
Clover 30 83 44 80
Lucerne 31 86 45 65
Barley 40 82 53 85
Ryegrass 33 86 58 85
Cereals and mixtures
Barley 43 70 63 88
Barley +clover LPC 55 73 64 75
Barley + lucerne LPC 43 74 67 83
Barley + barley LPC 52 74 74% 83
Barley + ryegrass LPC 50 76 73* 81
Corn 42 68 48 95
Corn +clover LPC 54 73 59%* 83
Corn + lucerne LPC 55 74 63** 87
Corn +barley LPC 51 75 64** 90
Corn +ryegrass LPC 57 76 64+ 87
Rye 57 70 67 88
Rye +clover LPC 64 75 69 T6**
Rye + lucerne LPC 68 77 T6** 81**
Rye + barley LPC 61 77 T7** T79**
Rye + ryegrass LPC 65 79 72 T6**
Triticale 45 65 61 92
Triticale +clover LPC 55 73 61 79
Triticale + lucerne LPC 58 74 68** 89
Triticale + barley LPC 52 74 67* 87
Triticale + ryegrass LPC 59 76 69** 82
Wheat 42 66 56 89
Wheat +clover LPC 53 72 59* 80**
Wheat + lucerne LPC 47 74 66** 86
Wheat + barley LPC 50 74 65+ 88
Wheat + ryegrass LPC 48 75 66** 84

Statistically significant differences with respect to cereal alone: * P <0:05; **P <0-01.
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Leaf protein supplementation of cereals 103

DISCUSSION

According to many authors the gross composition of LPC varies according to the
species of plant and the extraction method. The protein content varies from about
140 g kg~ * (Carlsson et al 1984) 10 630 g kg~ ! (Horigome et al 1983) with a mean of
400-500 g kg~ ! (Yoshida and Hoshii 1982; Nasi and Kiiskinen 1985). Results
obtained in the present work were comparable. The ash content of such
preparations is also unstable, but Pirie (1971} stressed the importance of lowering
the ash content of LPC to less than 30 g kg ™. From that point of view the mineral
content of all these concentrates was too high because they were not washed with
water or acid before drying. Also Subba Rau et al (1972) found the adverse effect of a
high mineral content on the nutritive value of LPC. On the other hand, although the
highest ash content of LPC was from ryegrass, its protein was of higher nutritive
value than that of othér LPC proteins.

Unlike the gross composition of LPC, the amino acid compositions of their
proteins are similar according to many authors (Hartmann et al 1967; Byers 1983).
LPC contain small amounts of sulphur amino acids especially cystine. In this
experiment the CS of LPC proteins was low because of their low cystine content.

The proportion of lysine in cereal proteins is lower than that required by chicks
and pigs, and the total sulphur amino acid content of the leaf proteins barely meets
the requirement of these animals. Probably because this experiment was carried out
on rats, whose requirement of sulphur amino acids is higher than that of chicks or
pigs (Rama Rao et al 1959), the biological value of the LPC proteins was low: lower
than that of cereals. Rye and barley had the highest BV, probably because of their
high lysine content.

As was expected almost all indices of the quality of the cereal proteins were
improved by admixture with leaf protein. Only the protein digestibility of the
mixtures was lower than that of cereals alone. The digestibility of mixtures
containing clover LPC protein was lower than that of others, though the
digestibility of this LPC on its own was not the lowest. This observation is difficult
to explain.

The results of this investigation suggest that a mixture of LPC and cereals is a
better feed constituent than either component alone because the distribution of
amino acids, eg lysine and sulphur amino acids, is to some extent complementary.
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1/12. sz. dokumentum: 1990-ben megjelenik a kdvetkez fontos kozlemény Efficient

utilization of alfalfa (Medicago sativa L.) green crop by fractionation. 1. Yeast production from
deproteinised alfalfa juice cimmel (Reddy et al., 1990). Ez a kozlemény a barnalé
hasznositasanak egyik értékes uttoro munkaja.A Reddy et al. (1990) kozlemény
érdekessége az is, hogy az ICI 1938-ben mar szabadalmaztatott egy olyan médszert, amely
éleszto fii és lucernalén torténé tenyésztésre vonatkozott (Slide, Birkinshaw, 1938). A

Hollo et al. féle Vepex eljaras is eldallitott élesztovel SCP-t. (Hollo et al., 1971).

J. Japan. Grassl. Sci. 36 (3) : 263 268 (1990)

Efficient Utilization of Alfalfa (Medicago sativa L.)
Green Crop by Fractionation

1. Yeast production from deproteinised alfalfa juice
G. Upender REDDY, Mitsuaki OusHiMAa and Ryosei Kavama

Synopsis

Reppy, G.U., M. OnsHiva and R. Kavama (1990) : Efficient utilization
of alfalfa (Medicago sativa L..) green crop by fractionation. 1. Yeast
production from deproteinised alfalfa juice. J. Japan. Grassl. Sei.
36, 263-268.

It has been reported that alfalfa deproteinised juice {(DPJ) has a
comparatively small amount of sugars, and also it has some soluble
substances that prevent yeast from growing luxuriously. But in the
present experiment, almost the same amount of yeast yield was
obtained on DPJ by steam coagulation when compared to the yield
from mixed juice of malt, yeast extracts, glucose and peptone. Yeast
yields were less on DPJ which was obtained from green juice (GdJ)
fermented anaerobically than from that of steam coagulation;
addition of glucose or (NH,),S0; and KH,PO, to it was not effective.
But, when it was treated with resin Diaion HP-20 yeast yields were
improved, and supplementation of (NH,),S0, and KH,PO, after
treatment with Diaion resulted much more yeast yields. The DPJ
obtained from glucose added and anaerobically fermented GJ did not
prevent yeast growth and was better than that of fractionated DPJ by
steam coagulation as the yeast culture. The best yeast yield was
obtained when it was treated with Diaion HP-20 and then added
(NH4)2S0; and KH;PO,. Although treatment with Diaion HP-20
improved a little yeast yields, but it is not suitable practically from
economical point of view for unconcentrated DPJ in green crop
fractionation (GCF) process.

Key words: Alfalfa (Medicago sativa L.), Deproteinised juice,

Green crop fractionation, Yeast production.

Introduction

Less study was done on the utilization of the deproteinised juice (DPJ) of alfalfa
(Medicago sativa L.) than leaf protein concentrate (LPC) and fiber in green crop fractionation
(GCF) process. About 10-20% of dry matter (DM) of the crop will appear in DPJ. For this
reason it is very important to dispose or make use in some way that will have a great effect
on the economics of GCT process. The DPJ can be used as a fertilizer’™", a supplement of

4,6,7)

animal feed”, medium for microbial cultivation®®”, and so on. But, in this experiment, we

have tried to study more ahout Candida utilis H 49 yeast strain cultivation. Alfalfa DPJ is

University Farm, School of Agl;iculture, Nagoya Univex:s-;ity, -f\&orowa, Togo-cho, Aichi 470-01,
Japan
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1/13. sz. dokumentum: Megjelenik a Nutritional Evaluation of Leaf Protein Extracted from
Three Aquatic Plants cimii k6zlemény indiai szerz6ktdl (Dewanji, Matai, 1996)
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Nutritional Evaluation of Leaf Protein Extracted from Three

Aquatic Plants

Anjana Dewanji* and Shyam Matai

Biological Sciences Division. Indian Statistical Institute, 203 B. T. Road, Calcutta 700 035, India

Proteins extracted from the leaves of Alternanthera philoxeroides, Lemna minor, and Pistia stratiotes
were evaluated for their nutritional quality using rat feeding experiments. It was found that a 3%
level of supplementation of leaf protein extracted from L. minor and P. stratiotes significantly
improved the nutritive value of a wheat flour diet, thereby indicating that they could be used as
supplements in feeds or foods to improve the quality as well as protein levels of deficient diets.

Keywords: Aquatic weeds; leaf protein, rat experiments

INTRODUCTION

Large growths of aquatic plants in lakes and water-
ways of tropical countries, although a menace, represent
a natural resource of green leaves (NAS, 1984). In view
of the problems associated with the excessive growth
of weeds and the world wide need for additional sources
of food, attempts were made in our laboratory to utilize
aquatic plants directly as a feed and food source
(Banerjee and Matai, 1990; Dewanji et al., 1993).
Studies on the feasibility of extracting proteins from
aquatic plants have also been reported (Boyd, 1968;
Taylor et al., 1971; Rusoff et al., 1980; Dewanji and
Matai, 1991). The advantage of the extraction proce-
dure is that in addition to extracting the protein as a
concentrate it also helps to reduce the levels of anti-
nutrients present in the original leaf (Rambourg and
Monties, 1983; Pirie, 1987; Dewanji, 1993). Thus, leaf
protein can be made from aquatic plants which are
otherwise toxic and therefore unfit for consumption.

In a previous study, five aquatic weeds, namely,
Alternanthera philoxeroides, Azolla pinnata. Lemna
minor, Limnanthemum cristatum, and Pistia stratiotes,
were found to be promising for leaf protein extraction
based on their low polyphenolic content (below 3%) and
in vitro digestibility values above 50% (Dewanji and
Matai, 1991). The amino acid profile of leaf protein
extracted from these weeds was further studied (Dew-
anji, 1993), and it was found that protein of a uniform
composition can be extracted from them with levels of
essential amino acids comparable to the FAO reference
pattern and chick requirements. The high lysine con-
tent of leaf protein can also be useful for supplementing
diets of cereal, which is the staple food in many
developing countries. The beneficial effects of supple-
menting cereal diets with leaf protein made from crop
plants have been reported (Goel et al., 1977, Hancza-
kowski and Petzel, 1979: Maciejewicz and Hancza-
kowski, 1990), but there have been no such studies to
evaluate the protein quality of leaf protein extracted
from aquatic plants.

This study was, therefore, undertaken to evaluate the
acceptability and nutritional effectiveness of leaf protein
extracted from three of the five aquatic plants studied
previously (Dewanji, 1993), namely, A. philoxeroides, L.
minor and P. stratiotes, as a supplement to cereal diets

* Fax (91)(33)5566600; e-mail anjana@isical .ernet.in

to make possible effective utilization of the plants as a
protein source.

MATERTALS AND METHODS

Protein Source. Samples of 10—15 kg of A. philoxeroides
(alligator weed), L. minor (duckweeds), and tratiotes (water
lettuce) were collected, as per their availability, from ponds
in and around Calcutta. The samples were transported to the
laboratory where they were washed, drained free of water, and
hand fed into a specially designed pulper (Davys and Pirie,
1969). The pulper was set with its outflow discharge falling
on the belt of a belt press (Davys and Pirie, 1965) where the
Jjuice from the pulped material was separated through a
perforated roller and the fibrous residue was collected as a
byproduct. The protein was precipitated from the juice by
steam injection. The protein coagulum obtained was filtered,
washed, pressed, freeze-dried, and stored at 4 °C. Vitamin
free casein and wheat flour used in the diets were directly
purchased from the market, and their nitrogen content was
analyzed in the laboratory.

Chemical Analysis. Nitrogen (N) was analyzed by the
micro Kjeldahl method and crude protein calculated as N x
6.25. Serum proteins were estimated by the Biuret method
(Rajagopalan and Ramakrishnan, 1983) with bovine serum
albumin as the reference.

Diet Formulation. The six experimental diets, each
containing 10% (w/w) crude protein, used were a wheat flour
diet (Dy), three diets of wheat flour supplemented with
different LP sources (Dz—Dy), one LP diet (Ds), and a reference
diet of casein (Dg). P. stratiotes was sampled twice from two
different lots since a larger amount was required for two diets
(Dyand Dz). In the supplemented diets (D;—D,), LP provided
3% of the protein while wheat flour provided the remaining
7%, a ratio found to give best results in earlier supplementa-
tion studies (Garcha et al.. 1971: Kawatra et al., 1974). The
diets were composed according to AOAC (1984), prepared
weekly and stored in airtight containers at 4 °C. Each
formulated diet was mixed and sampled for nitrogen analysis
prior to feeding. The compositions of the diets are given in
Table 1.

Rat Experiments. Weanling albino rats of the Wistar
strain were weighed individually and randomly divided into
six groups of eight rats each, weighing between 35 and 45 g.
The animals were caged individually and provided food and
water ad libitum. In each group the rats were randomly
assigned to experimental diets for a period of 28 days. Food
intake was recorded daily while weight gain was recorded
weekly. At the end of the 28 day period the protein efficiency
ratio (PER) was calculated as

weight gain (g)

PER =
protein intake (g)

(1)
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Table 2. Dietary Protein Content, Food Intake, Body Weight Gain, and Protein Efficiency Ratio of Rats Fed Various

Diets?
dietary diet gain in protein efficiency

diet protein (g) intake (g) weight (g) ratio (PER)
Dy, wheat flour (WF) 10.4 267.1(5.0) 26.4(1.3) 0.95(0.03)
D, WF + LP? (A. philoxeraides) 10.0 2119(5.3) 24.1(1.1) 1.14(0.02)
Da, WF + LP (L. minor) 10.1 3045(2.4) 44.1(1.0) 1.43(0.02)
Dy, WF + LP (P. stratiotes) 10.2 295.9(2.5) 46.9(1.5) 1.55(0.04)
Ds, LP (P. stratiotes) 9.9 300.1(2.0) 49.3(1.2) 1.66(0.03)
D, casein 10.1 309.0(2.7) 74.8(1.2) 2.40(0.02)

#Values are mean (SE) of eight observations. LP = leaf protein.

Table 3. Protein Efficiency Ratio, Apparent Digestibility, and Liver and Serum Constituents of the Six Groups [Mean

Values (SE)]

protein efficiency apparent liver liver liver Serum serum

diet ratio (log values) digestibility (%) moisture (%) weight (%) nitrogen (%) protein (%) albumin (%)
wheat flour (WF) -0.02 89.7(0.4) 68.5(0.3) 3.21(0.09)  2.31(0.02)  536(0.05  2.87(0.04)
WEF + LP? (A. philoxeroides) 0.05 71.1(0.5) 68.3(0.6) 3.44(0.08) 2.41(0.02)  540(0.06)  2.90(0.05)
WEF + LP (L. minor) 0.16 77.00.3) 68.6(0.6) 4.02(0.10)  2.65(0.02)  5.66(0.08)  3.30(0.05)
WF + LP (P. stratiotes) 0.19 77.2(0.6) 69.6(0.4) 4.25(0.23)  2.72(0.03)  561(0.05  3.22(0.08)
LP (P. stratiotes) 0.22 79.2(0.5) G8.4(0.7) 4.66(0.13)  2.95(0.04) 576(0.08)  3.39(0.07)
casein 0.38 91.6(0.5) 66.4(0.8) 5.27(0.28)  3.28(0.05  6.03(0.05  3.62(0.06)
LSD (P =0.05) 0.03 1.4 1.7 0.47 0.09 0.18 0.17

@ LP = leaf protein.

Table 4. Essential Amino Acid Content? of Wheat and Leaf Protein Supplemented Diets

FAO/WHO reference

wheat? supplemented diets® pattern for preschool
essential amino acid (Dy) D; D, Dy child? (2—5 years)
isoleucine 35.2 42.7 41.8 42.9 28
leticine 65.6 742 746 75.4 66
lysine 272 42.0 40.8 42.6 58
methionine 14.4¢ 29.5 299 29.2 25¢
phenylalanine” 67.6 776 78.1 79.8 63
threonine 288 35.0 35.6 348 34
valine 448 51.8 50.7 52.0 35

@ Milligrams of amino acid per gram of protein. » D, wheat + A. philoxeroides leaf protein diet; D3, wheat + L. minor leaf protein diet;
Dy, wheat + P. stratiotes leaf protein diet. © Gopalan et al. (1985). # FAO/WHO (1991). ¢ Values for methionine plus cystine. { Values for

phenylalanine plus tyrosine.

Table 5. Results of a Stepwise Discriminant Analysis of Seven Variables

Fvalue u approximate degrees of

variable to enter statistic F'statistic freedom
apparent digestibility 279.12 0.0292 279.12 5,42.00
protein efficiency ratio 185.56 0.0012 225.00 10, 82.00
liver nitrogen 7.57 0.0006 98.95 15,110.82

for this. A high ash content has been reported to have
a detrimental effect on the nutritive value of a protein
(Subba Rau et al., 1972), and LP from A. philoxercides
had the highest ash content of 7.3% (Dewanji, 1993).
Phenolic compounds can also be growth depressant
factors because of their inhibitory effect on protein
digestion (Pierpoint, 1983). Osuntogun et al. (1987)
reported an inverse relationship between PER and
tannin content which could probably explain the poor
performance of the A. philoxeroides diet since its poly-
phenolic content was found to be 2.9% as compared to
2.1% in LP (L. minor) and 1.3% in P. stratiotes LP
(Dewanji, 1993). The total phenoclics:N ratio of the LP
preparation was also reported to have an inverse
relationship to protein quality (Maliwal, 1983). A ratio
above 0.30 was reported to be high (Subba Rau et al.,
1972). and LP made from A. philoxeroides had a ratio
of 0.38. The acceptance of leaf protein in diets as
reflected in amounts eaten during feeding cannot be
ignored as a factor affecting quality, particularly in view
of wide variations in the diet intake and an apparent
association between low food intake and nutritional
inferiority of the diets as is evident from Table 2. There
is a possibility that limited feeding resulted in energy

Table 6. Proportion of Total Dispersion, Coefficients,
and Constants for the Calculation of Two Canonical
Variables

cumulative proportion
of total dispersion

0.690 0.997

coefficients for

variable canonical variables
protein efficiency ratio 19.676 21.474
apparent digestibility 0.509 —0.546
liver nitrogen 6.373 2.787
constant —61.762 33.122

deficiency. Insuch asituation part of the protein could
be deaminated and utilized as an energy source.

Statistical Analysis. Table 5 gives the results of the
stepwise discriminant analysis which shows that three
variables, namely, PER, apparent digestibility, and liver
nitrogen, were necessary to account for all the observed
differences between various groups.

Table 6 gives the coefficients for the computation of
the canonical variates (with maximum between group
variance relative to their within group variance), and
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1998

1/14. sz. dokumentum: Megjelenik D. Sessa és J. L. Willet szerkesztésében Paradigm for
Successful Utilization of Renewable Resources c. munkaja. Ebben a kozleményben a szerzok
a kovetkezo bioipari forradalom fejlesztéseit prognosztizaljak (Sessa, Willet, 1998).

Paradigm for Successful
Utilization of
Renewable Resources

Editors
David J. Sessa

Julious L. Willett
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National Center for Agricultural Utilization Research
USDA, Agricultural Research Service,
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3.1.3. KOVETKEZTETESEK (1980-2000)

Tanulmanyunk elkészitéséhez 6sszegyjtott és/vagy rendelkezésre allo, 1980 és 2000 kozotti,
huszévnyi forrdsanyag Osszesen 59 tételt szamlal, 1.000 feletti oldal terjedelemben. A
kozleményekben egyiittesen 800 feletti hivatkozast tekinthetiink tovabbi metaadat-forrasnak.
Ha figyelembe vesszik az 1900 — 2020 kozotti teljes irodalmi gytjtésiinket, akkor
megallapithatjuk, hogy az 1980-2000 kozotti husz év reprezentalja a teljes szdzhusz évi
kozlemény-halmaz mintegy 6 szazalékat. Ez 6sszhangban van azzal a globalis folyamattal, amit
ebben az idGszakban tapasztalhattunk, azt kovetéen, hogy az LPC-kutatas kikeriilt a nemzetkozi
féiranybol. Az irodalmi forrasok koziil tobb mint hisz konkrét példat emeltiink ki
tanulmanyunk masodik részében ¢€s tizennégy forrds néhany oldaldt masoltuk be. Azokat
valasztottuk ki ezuttal is, amelyek kiilonosen fontosak a szaktertilet fejloddési folyamatanak az

illusztralasara, jelen esetben az 1980-2000 kozotti két évtized soran.

e 1980- és 2000 kozott Norman W. Pirie munkassaga €s oroksége meghatarozd. Ez; az un.

low-yield, azaz alacsony hatékonysagt zold levélfehérje biofinomitas korszaka.

o A teriileten két LPC-t eldallitdé és forgalmazo vallalat miikodott csupan, a Désialis

Franciaorszagban, és a Brewster az USA-ban.

e Voltak termékek, mint pld. a Vitlafa (Brewster) és a Désialistol az APC (alfalfa protein

concentrate) koncentratmok.

e Uj LPC technologiat dolgoztak ki Olaszorszagban, Uj-Zélandon. USA, francia, és magyar

(") szabadalmak jelentek meg, alternativat kinalva az un. low-yield technologia teriiletén.

o FElbtérbe keriilt elsdsorban az energiatakarékossag, és kisebb részben a lucerna zold

biomassza értékndveld, komplex bioipari hasznositasa témakor.

e A z0ld fehérjefinomitds kutatasa-fejlesztése teriiletén kétségteleniil Dania jutott a
legmesszebbre. Ez az elony a kovetkezd két évtizedben is megfigyelhetd. Nemzeti program
kozéppontjaban taldljuk a lucerna fehérje biofinomitd technologidkat €s a barnalé ipari
hasznositas kiterjesztését aminosav termelésre. A dan szakemberek irdnyba alltak a nagy

hatékonysagu (high-yield) technologidk felé.
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3.2. A SZAKIRODALOM, A SZABADALMI AKTIVITAS ES A RECEPCIOS
SAJATOSSAGOKAT RESZLETEZO TEMADOKUMENTACIO ISMERTETESE

(2000-2020)

3.2.1. A Zold biofinomito korszak elsé két évtizede fobb eredményeinek tablazatos

osszefoglaldsa (2000-2020)

Kulcsszavak: A mag- és levélfehérje-programok, a zoldorlés iddrendje és a korszak

foszereploi. A zoldlucerna, illetve a zold fiifélék biologiai, taplalkozasi és takarmanyozasi

ertékének kutatdasa. Irany a high-yeald ptrotein green biorefinery koncepcio (a proteinszal

fejlesztése, biostimuldtorok, novényi novekedészsabalyozok, masodik generacios bioetanol

eloallitas, biomedicina, alternativ human taplalékipar, stb.)

KOZLEMENYEK

SZABADALMAK,
KNOW-HOW-K

NEMZETI
PROGRAMOK,
ESEMENYEK

Megjelenik Margrethe
Andersen ¢és Pauli Kiel
Integrated  utilisation  of
green biomass in the green

biorefinery c. 06sszefoglalo
tanulmanya az Industrial
Crops and Products cimi
tekintélyes tudomanyos

2000 | lapban.

Daniaban folytatodik a zold
biofinomité kutatas-fejlesztéssel
kapcsolatos munka.

Ennek az egyik kozvetlen
elézménye volt a VEPEX
technologia megvasarlasa
Magyarorszagrol a dan Anhydro
cég és a Licencia Kiilkereskedelmi
Vallalat részvételével. Az egykort
beszamold szerint a Nykbingi
Cukorgyarban épiilt fel az els6
ilyen {izem, melyet 44 tonna / 6ra
z6ldlucerna feldolgozasra
tervezték (Anonymus, 1978)

Ebben a munkaban talaljuk meg
a barnalé ipari hasznositas
néhany 10j szempontjat,
kovetéen, hogy  Daniaban
oktober 1 és februar 1 kozott
megtiltjadk a novényi eredetii
barnalé szantofoldre  torténd
kozvetlen kijuttatasat. A dan
kutatok a barnalé¢ tejsavas
erjesztésre dolgoztak ki
modszereket. Ipari partner a
Dangront Products
(Ringkebing).

azt

2001

Az OMFB tamogatasaval
Magyarorszdgon megkezdodik a
Debreceni Egyetem és a Tedej zRt
kozotti K+F egyiittmiikddés A zold
biomassza értéknovelé
hasznositdsa C. program. Ennek a
programnak az egyik IP terméke
egy szabadalmi bejelentés (Fari et
al., 2002)

A Féri et al. szabadalmi
bejelentés nem jut el a
szabadalom megszerzéséig. A
Tedej zRt, mint kizarolagos
tulajdonos nem fizeti be az
eljarasi dijat. A frakcionalt
betakaritas témakor az USA-ban
késdbb megkezdett j kutatdsok
egyik legfontosabb teriilete
(Shinners et al., 2007)
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Az OMFB Fehérje- és
Biotechnologiai Iroda
egykori igazgatodja,
Kralovanszky U. Pal
kezdeményezésére javaslat
késziil a magyar
fehérjeprogram
yjrainditasara. Az errdl szolo
beszamolot Dr. Olah Istvan
altal  szerkesztett, Mag-
Kutatas, Termesztés,
Kereskedelem c. szaklap
2001 aprilisi szama ismerteti
(Kralovanszky et al., 2001)

A szerzOk a kovetkez6 idotallo
javaslatokat fogalmaznak meg:
A mezégazdasagi agazaton
tulmenden azonban az egész
tarsadalom  dldozataul  esett
annak,  hogy az élettani
tapanyagellatasunkban
rendkiviil fontos allati eredetii
feherjefogyasztasunk igen
Jelentds mértékben . tobb mint
20%-kal csokkent a kevesebb
hus- és tejfogyasztas
kévetkeztében. E helyzet
tarthatatlan, mert a javulo
életszinvonalat biztosito
altalanos gazdasagi fejlodésiink
mellett nem maradhat el a sok
osszetevobdl allo  taplaléklanc
eroteljes titemii fejlesztése. Azt is
figyelembe kell venni, hogy e
vonatkozdasban az EU és a hazai
viszonyok kozétti kiilonbségeket
mielobb meg kell sziintetni.”...”
Vetésszerkezetiink  Osszetétele
romlott, hattérbe szorult a
fehérjendvények termesztése és
akkora mértékii  az  ebbéli
importunk, mint amekkora a
kordabbi, mintegy  40%-kal
nagyobb allatallomany
ellatasahoz sziikséges volt. Ezt
az ellentmondast is fel kell
oldani, mégpedig az EU-ban
torténd tamogatdsi aranyokhoz
felzarkozva.

Fehérjetakarmanybol éves
dtlagban 33  milli6  tonnat
importalnak, az EU orszagok 17
millio  tonnds sajat termelés
mellett (sziikségletiiknek 66%-
at). Hazank 0,6 millio tonnat
importal, 0,25 millio tonnas
sajat termelés mellett
(sziikségletéenek  71%-at).”..."
Mindezt egybevetve a

taplalkozasi lanc
egyenszilardsaganak
megteremtése . a
novénytermesztes,
dllattenyésztés, feldolgozasi
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technologia, takarmanyozas,

allati termékek fogyasztasa

rendkiviil ~ Osszetett  feladat,
amely  csak  tervezett  és
kozéptavu tamogatasi

rendszerrel oldhato meg. Az
esetleges ad-hoc intézkedések
nem vezetnek tartos
eredményekhez. Ez a fejlesztés
gyvakorlatilag atfogja az
agrarium legnagyobb termelési
szféerdjat, ugyanis évente tobb
mint 300 milliard Ft Osszegii
takarmany keriil feletetésre (ami
ma mar a kéltségek tobb mint 60

%-at adja), s az dllattenyésztés

brutto  termelési  értéke is
meghaladja az 500 milliard Ft-
ot. E program a
mezogazdasagon beliil a

gazdasagi  fejlodés  kozéptavu
kdvetelménye és ha nem
cseleksziink, az ido tovabbra is
ellentink dolgozik.”

(Kralovanszky et al, 2001)

2002

Megjelenik Sun és Cheng
(Department of Biological
and Agricultural
Engineering, North Carolina
State University, Raleigh),
Hydrolysis of lignocellulosic
materials for ethanol
production: a review c.
osszefoglald munkaja.

A lucerna harvest-fractionation
eljarasra el6sz6r a Debreceni
Egyetem kutatoja, Fari M. nytjt be

szabadalmi bejelentést, Eljdards
magasabb  beltartalmi  értékii
lucerna szaritmanyok

eldallitasara cimmel (Fari et al.,
2002 11 11, P0203889). A Fari-
féle eljaras sajnalatos moddon
megrekedt a bejelentés fazisaban,
mert a SZTNH adatbazis szerint a
szabadalom tulajdonosa, a Tedej
zRt nem fizette be az eljarasi dijat.

A mu térgyalja a lucernarost
bioipari lebontasira vonatkozd
korai irodalmat is. (Sun, Cheng,
2002)

A kozzétett kivonat a kovetkezd:
,,A talalmany lényege, hogy nem
transzgénikus és transzgénikus,
zold dllapotu, friss
leveles  hajtasait
felso és also felére valasztjak

lucerna
kaszalaskor

szét, majd a felso frakcio
felhaszndlasaval az  alsonal
magasabb beltartalmi  értékil,

tarolhato, tovabb feldolgozhato,
specidlis
dllitanak elo, ugy, hogy az igy

lucernatermékeket

kapott frakciot a) meleglevegds
szaritoban megszaritjik, vagy €)

biokémiai extrakcios
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modszerekkel specialis célokat

szolgalo molekulakat
kiilonitenek  el, vagy b)
dezintegralas, préselés,
koagulaltatas, bestrités utdan
szaritjak, vagy c) dezintegralas,
préselés, koagulaltatas,

bestirités utan vagy pornemii
anyagokkal, vagy d) présrosttal,
vagy e
keverik és szaritjdk, melyekbdl f)

lucernaszecskaval

preseléssel tablettat és pelletet is
keészitenek.” (Fari et al., 2002)

2004

Megjelenik M. H. Thomsen
és munkatarsai kivalod
lucerna bioipari koézleménye
Manufacturing of Stabilised
Brown Juice for L-lysine
production — from University
Lab Scale over Pilot Scale to
Industrial Production.
cimmel.

A dan kutatocsoport 2004-ben két
témaba ill6 szabadalmat birtokol:

Andersen, M., Kiel, P., Method for
Treating Organic Waste
Materials, Eur. Pat. Appl. WO
00/56912, 19 March 1999.
Andersen, M. & Kiel, P,
Procedure for conversion of plant
juice to a medium wich is well
suited as a nutritive substrate for
micro-organisms demanding
vitamine or amino  acid.
International Pat. Appl.
PCT/DK92/00060, 1992.

A dan kutatok ezen munkaja
azért fontos, mert az L-lizin
aminosav a hasznallatok
takarmanyozasaban limitald
faktor, koltséggel potolhato. A
dan munka a lucerna savéd zold

biofinomito (bioipari)
hasznositasara  kivalo  példa.
(Thomsen et al., 2004). A

kovetkez6t kozlik: ,, For the last
10 years biotechnological
utilization of waste and residues
from agriculture and agro-
industry has been the common
goal for Dansk Biomasse A/S,
AgroFerm A/S and Center for
Agro-Industrial Biotechnology,
University of Southern Denmark.
The concept of the green
biorefinery has been described
in articles, posters and patent
applications and a lot of
experimental work in laboratory,
pilot and full industrial scale has
been carried out in order to

implement the ideas for
industrial purposes.
Experimental  results  from

laboratory and pilot scale on
utilizing brown juice from the
green crop drying industry as
raw materials in a Danish L-
lysine production, will be
presented. On the basis of these
results the long and difficult way
from idea over lab scale to pilot
scale, and last but not least, the
latest scale up step from pilot
scale to full production scale will
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be described and discussed. The
evolution from a state university
scientific environment to a
private company with the aim to
set up a profitable large-scale
production will be evaluated and
discussed as well. The final
result of our work is a
fermentation plant using brown
juice as growth medium. One
single green crop drying factory
producing 50 000 tons of fodder
pellets a year has enough brown
juice to supply a 12 500 tons L-
lysine factory with fermentation
medium.” (Thomsen et al, 2004)

2005

Megjelenik az Industrial
process proteomics: Alfalfa
protein patterns during wet
fractionation processing c.
hét szerz6s munka a francia
Viridis cég laboratoriumabol
(Incamps et al, 2005).

2005. januar 6-an az INRA ¢és a
Désialis cég kutatoi  kozos
szabadalmat jelentenek be Method
of using soluble alfalfa extract in
order to improve ruminal
fermentation in ruminants cimmel.
Ennek a szabadalomnak az a
jelentGsége, hogy alkalmazasaval
csokkenteni lehet a szarvasmarha
és altalaban a  kérédzok
metanogenezisét, ami kdzismerten
az egylk legnagyobb agrar-
kornyezeti kartétel. A francia
kutatok neve: Jouany, Jean-Pierre,
Lassalas-Bouyon, Bernadette és
Coulmier, Didier (Désialis). Az
alabbiakat kozlik: ,, The invention
relates to a method of using
soluble alfalfa extract which is
obtained by pressing fresh alfalfa,
in order to improve ruminal
fermentation in ruminants and, in
particular, to reduce
methanogenesis. The inventive
method consists in adding between
0.3 and 1 g of said soluble alfalfa
extract to the ruminant's feed
ration per day and per kilogram of
animal live weight.” (Jounay et al,
2005) 2005-ben a francia kutatok
kiilonosen aktivak; 6t szabadalom
benyljtasa a termés. Egyebek
mellett ezek a munkak alapozzék
meg a Désialis cég mai portfoliojat
is. Annak a cégnek, amely az

Incamps és tarsai kozleménye
fontos. Elséként kozlik a lucerna
fehérjék hoékezelés hatasara
bekovetkezd kémiai valtozasat.
A Kkovetkezoket kozlik: A
proteome reference map of
major soluble proteins from
Medicago sativa (alfalfa) leaves
and stems has been established
for the first time. Among 195
spots analyzed by mass
spectrometry and N-terminal
Edman sequencing, 117 spots
were unambiguously identified,
representing 87 different
proteins. Of these 87 proteins, 13
proteins were directly identified
from the partial genome of
Medicago sativa”...” Weclearly
show that the process induces
significant changes including
chemical modifications,
proteolytic events, and heat-
shock protein responses.
Strikingly, a certain level of
cellular regulation is conserved
during biomass processing, as
exemplified by the induction of
some heat shock proteins.
Finally, all the results obtained
in this proteomic study may help
to identify novel products and to
improve process designs in
alfalfa biomass plants.”
(Incamps et al., 2005)
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Ugyancsak 2005  fontos
eseménye, hogy  Mette
Hedegaard Thomsen dan
kutato (Biosystems
Department, Risoe National
Laboratory, Roskilde,)
megjelenteti Complex media
from processing of
agricultural ~ crops  for

microbial fermentation cimi
munkajat. (Thomsen, 2005)

egykori Pro-Xan technologiat ma
is alkalmazza lucerna LPC ipari
1épétékil eldallitasahoz. Termékeit
a vilagpiacon értékesitik. (Lasd:
2019/ 2020)

Thomsen kozleményében arrol
szamol be, hogy Danidban egy 1j
lizin gyar épilt fel lucerna

barnalét, mint fermentor
tapkozeget hasznosito
technologiaval. A kovetkezoket
kozli: ,-This mini-review

describes the concept of the
green biorefinery and lists a
number of suitable agricultural
by-products, which can be used
for production of bioenergy
and/or biochemicals. A process,
in  which one  possible
agricultural by-product from the
green crop drying industry,
brown juice, is converted to a
basic, universal fermentation
medium by lactic  acid
fermentation, is outlined. The
resulting all-round fermentation
medium can be used for the
production of many useful
fermentation products when
added a carbohydrate source,
which could possibly be another
agricultural by-product.”...” 4
newly built lysine factory in
Esbjerg, Denmark, can benefit
from this process by buying a
low price medium for the
fermentation process instead of
more  expensive traditional
fermentation liquids such as
corn steep liquor” (Tomsen,

2005)
2007 egyik  kiemelked6 | A Kamm and Kamm osszefoglalo | A 15 oldalas  6sszefoglalo,
kozleményét a | szerint az elmult negyven ¢&v | tovabba a szakirodalom
Németorszagban  dolgoz6 | szamtalan technoldgiai fejlesztést | felsorolasa jol mutatja be a zold
2007 Kamm szerz6par jelenteti | eredményezett: ,,Scientists in | biofinomitd koncepcio sziiletését
meg International | several countries developed green | az els6 évtized (1998-2007)

biorefinery systems cimmel,
a Pure Appl. Chem. 11.

crop fractionation in Europe and
elsewhere [33-35]. Green crop
fractionation is now studied in

eseményeit is beleértve. A
kovetkezéket  kozlik:  ,,The
development of biorefineries
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szamaban  (Kamm  and

Kamm, 2007).

Megjelenik az University of
Nebraska-Lincoln kutatéinak
Novel Protein Fibers from
Wheat Gluten c. kézleménye
(Reddy and Yang, 2007).

about 80 countries [41]. Several
hundreds of temperate and
tropical plant species have been
investigated for green crop
fractionation [35-37]. However,

more than 300 000 higher plants
species are left for investigations.”

Az amerikai technolégia értékét az
alabbiak foglaljak Gssze: ,,Protein
fibers with mechanical properties
similar to those of wool and better
than those of 100% soyprotein and
zein fibers have been produced
from wheat gluten. It has been
found tha only a narrow range of
concentration of wheat gluten,

represents the key for access to
an integrated production of food,
feed, chemicals, materials,
goods, and fuels of the future [1].
Biorefineries ~ combine  the
necessary technologies of the
biogenic raw materials with
those of intermediates and final
products. The main focus is
directed on the precursor
carbohydrates, lignins, oils, and
proteins, and the combination
between biotechnological and
chemical conversion of
substances.  Currently, the
lignocellulosic feedstock (LCF)
biorefinery, green biorefinery,
whole-crop biorefinery, and the
so-called two-platform concept

are favored in research,
development, and industrial
implementation.” Megjegyzik:

,,Green biorefineries can, by
fractionation of green plants,
process from a few tonnes of
green crops per hour (farm-scale
process) to more than 100 tonnes

per hour  (industrial-scale
commercial  process). The
careful wet  fractionation

technology is used as a first step
(primary refinery) to isolate the
content substances in their
natural form. Thus, the green
crop goods (or humid organic
waste goods) are separated into
a fiber-rich press cake (PC) and
a nutrient-rich green juice
(GJ).” (Kamm and Kamm,
2007)

A Nebraska-Lincoln Egyetem
kutatéi a kovetkezoket irjak:
,,Protein fibers with mechanical
properties similar to those of
wool and better than those of
soyprotein and zein fibers have
been produced from 100% wheat
gluten. Wheat gluten is a low
cost, abundantly available, and
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Még ebben az évben
megjelenik K.J. Shinners et
al., (2007) Harvest

fractionation of alfalfa c.
munkaja.

time, and temperature of aging is
required to produce good quality
fibers, and the properties of the
fibers are improved by drawing
and annealing. Although the fibers
have low % crystallinity and poor
orientation as compared to wool,
they have good stability to weak
acidic and weak alkaline
conditions at high temperatures.
The increasing availability of
wheat gluten at low prices will
provide an opportunity to develop
cheap and  environmentally
friendly protein-based
bioproducts. Wheat gluten fibers
are suitable for biomedical
applications because they have
better properties than those of
soyprotein-, zein-, and casein-
based materials.” (Reddy and
Young, 2007 A munka
érdekessége abban mérhetd le,
hogy korabban Henry Ford
kutatdja, Boyer az USA-ban, és
Dorner Béla Ereky Karollyal mar
1938-ban eldallitottak novényi
proteinszalat. 1912-ben  Rigler
Gusztav professzor a buzasikérbdl
miitejet allitott eld.

A technolégia célja, hogy specialis
fésiilo  géppel szétvalassza a
biologiailag  értékesebb  levél
frakciot a szartol a zold betakaritas
soran. A levél nélkiili szarat egy
masodik menetben gyiijti Ossze,
elsgsorban celluloz-etanol
eléallitas céljara. Megjegyzendd,
hogy lucerna harvest-fractionation
eljarast Magyarorszagon a
Debreceni Egyetem kutatoja, Fari
M. szabadalmi bejelentést nytjtott
be, Eljaras magasabb beltartalmi
ertékii szaritmanyok
eldallitasdara cimmel (Fari et al.,
2002 11 11, P0203889). A Fari-
féle eljaras sajnalatos modon
megrekedt a bejelentés fazisaban,
mert a SZTNH adatbazis szerint a

lucerna

renewable resource suitable for
fiber production. A simple
production method has been
developed to obtain high-quality
wheat gluten fibers, and the
structure and properties of the
fibers have been studied. Wheat
gluten fibers have breaking
tenacity of about 115 MPa,
breaking elongation of 23%, and
a Young’s modulus of 5 GPa,
similar to those of wool. Wheat
gluten fibers have better tensile
properties than soyprotein- and
casein-based biomaterials. In
addition, the wheat gluten fibers
have resistance similar to that of
PLA fibers to water in weak

alkaline and slightly lower
resistance in weak acidic
conditions at high
temperatures.” (Reddy and
Yang, 2007)

A szerz6k a  kovetkez6
megallapitast kozlik:

,,Fractionation of alfalfa leaves
and stems at harvest could allow
ruminant rations to be tailored
for optimum economic return or
improve the viability of alfalfa as
a biomass feedstock. Harvest
fractionation was done by
stripping the leaves from the
stem at the time of harvest using
a tined rotor. The stripped
fraction consisted of about 90%
leaf tissue, and 94% of the
available leaf dry matter (DM)
yield was removed in the
stripped fraction. The standing
fraction was  either cut
immediately after stripping or
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2007-ben jelenik meg Mark
Mc Caslin és David Miller
munkaja The future of alfalfa
as a biofuel feedstock c.
publikacidja. (Caslin and
Miiller, 2007).

szabadalom tulajdonosa, a Tedej
zRt nem fizette be az eljarasi dijat.

A Fari et al., féle 2002-es magyar
szabadalmi bejelentés utokor altal
megitélhetd jelentdségét ezek a
megallapitasok tamasztjak ala. A
gyenge nemzetkozi
felkésziiltségli, és  reputaciod
nélkilli hazai érintettek miatt a

INNovacios

magyar kezdeményezés €s a téma
stlypontja atkeriil az USA-ba.

allowed to stand and regrow
leaves for a period of 7 or 14
days. Leaf regrowth was evident
in three to five days, but leaf
yield was much less than that at
initial stripping. The particle
size of the stripped fraction was
no different than chopped whole-
plant alfalfa, so no further size
reduction of the stripped fraction
was needed before ensiling. The
density of the stripped fraction
was 11% greater than that of the
chopped whole-plant in a drop
hammer density test. The
stripped fraction was
successfully ensiled in mini-silos
using ground corn grain as an
amendment or formic acid as an
additive.  After cutting and
windrowing, the drying rate of
the standing fraction (mainly
stems) was greater than that of
whole-plant windrows of similar
density. The standing fraction,
consisting of 92% stems, dried to
ensiling  moisture  typically
within about 4 to 6 h after
stripping and cutting but in as
short as 1.5 h under very good
drying conditions. Therefore, a
single-day fractionated
harvesting scheme is possible.”
(Shinners et al., 2007)

Caslin a Forage Genetics
International elnoke, Miller az
Alfalfa  Research,  Pioneer
HiBred International igazgatoja.
A vezet6 USA  szakértok
kovetkeztetése a  kovetkezo:
»The current DOE/USDA goals
for biomass production
supporting cellulosic ethanol
production will require a variety
of crop species and cropping
systems that are regionally
adapted. There will be clear
benefits for a perennial legume
in many of these cropping
systems, and alfalfa is ideally

63




suited for this use. Recent
technological breakthroughs in
harvesting technology and lignin
modification further enhance the
potential of alfalfa as a key
biofuel feedstock. A sustainable
production system for bioenergy
crops will need to make sense
from both an economic and
environmental standpoint.
Alfalfa has the potential to
deliver on both fronts.” (Caslin
and Miiller, 2007)

2009

Megjelenik Stephen Sinclair,
Protein  extraction from
pasture c. haromrészes
konyve. Az évtized egyik, e
tanulmany szamara is talan
leghasznosabb  6sszefoglald
munkdja ezen a teriileten.
(Sinclair, 2009a, 2009b,
2009c)

Az 1j zélandi szerzé az elsd,
Literature Review Part A: The
plant fractionation bio-process
and adaptability to farming
systems c. kotetben ezt irja:
,consequently a feasibility study
has been commissioned to
provide, within a defined scope
and limitations, an indication of
the market development options
for the bioprocess products
(LPC, DPJ and ‘pressed crop
fibre’l), the likely cost structures
and returns (profitability) for an
integrated protein extraction
and farming system enterprise,
and the socio-environmental
implications of pastoral industry
participation and adoption
within a New Zealand agri-
sector context. This literature
review component of the
feasibility ~ study  provides
important source material in
regard to the technical status of
the protein-extraction process,
relevant crop fractionation
literature, and the possible
integration of pastoral farming
systems and the bio-process
plant in the supply of raw ‘green
crop’ material and subsequent
by-product utilisation.”
(Sinclair, 2009). E munka
jelentdsége abban nyilvanul
meg, hogy az eddigieknél
részletesebben targyalja a zold
fehérjefinomitod koncepcid
kitorési pontjait a nagyon alapos
szakirodalomra ¢és gazdasagi
szamitasokra tamaszkodva. A
Proteomill projekt gazdasagi
elemzése fentiek alapjan csak
ilyen mélységli tudomanyos
munka alapjan végezheto el.
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Kozreadjak a SCIENTIFIC
OPINION on the safety of
‘Alfalfa protein concentrate’
as food, Scientific Opinion of

the Panel on Dietetic
Products, Nutrition and
Allergies, (Question No

EFSA-Q-2008-031) Adopted
on 13 March 2009 -c.
dokumentumot. (EFSA
Journal, 2009).

A 19 oldalas tanulmanyban
Osszefoglaljak pro és kontra az

LPC human taplalkozasi
értékérol és lehetséges
kockazatardl ismert 27 munkat.
A panel osszefoglalO
megallpitasa 1ényegretdrd, és
nagyon fontos: ,, 7he Pane/

concludes that APC as a
food supp/ement is safe for
human  consumption under
the specified conditions
of use. ” Ennak a masfél sornak
oriasi jelentGsége van: igazolja
Ereky 1925 ota allitott tételeit,
majd Pirie munkassagat ¢és
masokét. Megnyilt ezzel egy
olyan teriilet a Proteomill projekt
kutato
gazdasigos termelési potencial
esetén a magyar LPC szamara is
kujutast jelenthet a vilagpiacra.

szamara, amely

2014

Kiel, Andersen és Liibeck kutatok
szabadalmat nyutjtanak be
Daniaban a frissen kipréselt zold
lucernalé  UHT  sterilizalasat
kovetd tejsavbaktériumos
fermentalasara (Kiel et al., 2005).

Magyarorszagon Sandor Kalman
igazgatd ¢és Radvanyi Gyula
allattenyésztési vezeté a Surjani
Allami Gazdasagban 1951-, 1952-
ben kidolgozott egy olyan
modszert, amellyel melasz
hozzaadassal és légmentes
lezarassal ,.konzervaltak™ a frissen
kipréselt lucerna zold levét. A
technologia kozlését a ,,Hogyan
biztositsuk télen a szoposmalacok
szamara a vitamindiis
takarmanyt?’  c.  Ujageikkben
jelentetik meg (Sandor, Radvanyi,
1952).

A dan szabadalom egyik
érdekessége, hogy a Slade &
Birkinshaw-féle angol (ICI)
szabadalom 1938-ban kitér erre a
modszerre is; a Slade-csoport
nem alkalmazott UHT
sterilizalast.

A. révid magyar sajtokdzlemény
szerint az  eljarast
Iéptékben alkalmaztak,
els6ésorban szoposmalacok téli
taplalasara (Sandor, Radvanyi,
1952). Azt irjak: ,,4 zold lucerna
levebdl naponta harom evékandal
folyadékot egy
szopésmalac drpadardjaba. Igy

lzemi

keveriink

nem injekcioval, hanem
természetes allapotban, a
gvomron keresztiil kapja meg a
malac a fejlodéséhez sziikséges
A, B/2 es C vitaminokat. A
zoldlucerna levének ilymodon
valo adagoldsa eddigi

tapasztalataink szerint
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Dr. Eugeniusz  Ryszard
Grela, (University of Life
Sciences, Lublin) lengyel
professzor és munkatarsa, K.
Pietrzak kivald kozleménye
kertil reflektorfénybe,
Production Technology,
Chemical Composition and
Use of Alfalfa Protein-
Xanthophyll Concentrate as
Dietary Supplement cimmel.

A Proteomill programban Grela
professzor kozleményét kiemelt
figyelemmel kell kisérni: vajon a
magyar MWC-technologia és a
Désialis féle APC technologia
kémiai 6szzetétele, bioaktiv anyag
tartalma miben térhet el, harom év
atlagaban?

étrendileg kitiind, a
szoposmalacok jol fejlédnek!”

A leiras alapjan nem lehet
kétséges, hogy a Sandor-
Radvanyi féle zold lucernalé
konzervalas dontéen a nativ
tejsavbaktériumok munkajanak
az eredménye, hasonléan a
Slade-Birkinshaw (1938), és a
Kiel et al. féle dan eljarashoz
(2005). A Sandor-Radvanyi
eljaras kutatasa, reprodukalasa
mai szemmel aktualis.

A kovetkez6 nagyon fontos
kutatasi  eredményeket irjak
Grela professzorék: ,,Modern
analyses over the last several
decades have shown that alfalfa
is an extremely nutrient-rich
food source, containing
vitamins, minerals and
antioxidants. The aim of the
study was evaluation of the
chemical composition of protein-
xanthophyll concentrate from
alfalfa (APC) manufactured in
France in 2009-2012. Protein-
xanthophyll concentrate from
alfalfa (APC) was rich in crude
protein (534 g kg-1 DM),
linolenic acid (41.7 g kg-1 DM)
and minerals, especially calcium
(329 g kg-1 DM) and iron
(497.0 mg kg-1 DM).
Furthermore APC is
characterized by low level of
crude fiber (5.9 g kg-1 DM) and
small amount of L-canavanine
(3.2 mg kg-1 DM). APC may be
an important supplement to
human diet, because of it
required amino acid
composition, increased level of
linolenic acid, w-3 and high
mineral content. The levels of
antinutritional compounds do
not exceed the acceptable daily
limits so the preparation seems
to be safe for human health.”
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Grela professzor és
munkatarsai  egy  masik
kozleményt is megjelentettek
2014-ben, Quality
assessment of eggs from
laying hens fed a mixture
with lucerne protein
concentrate cimmel (Grela et
al, 2014).

Majd ezt irjak: ,,Alfalfa contains
relatively high quantities of
lipophilic vitamins A, D and E
(being natural antioxidants)
exceeding body demands as well
as B-group vitamins and even
vitamin K and carotenes which
are vitamin A precursors. These
vitamins are lost during
processing, which has been
confirmed in our study (Table 5).
The analyzed concentrate was a
valuable source of vitamin E and
K and of p-carotene.”(Grela and
Pietrzak, 2014)

Megallapitjak a kovetkez6t: It
was hypothesized that the
addition of LPC to diets would
improve the physicochemical,
lipid and redox parameters of
eggs.”...”Diets of hens from
groups D-1 and D-2 were
supplemented with 1.5% and
3.0% of LPC, respectively,
instead of soyabean meal.” .
Majd igy folytatjak:,,The 1.5%
and 3.0% additions of LPC
increased the colour intensity of
egg yolk, but at the same time,
induced lipid  peroxidation
processes in it. The possible
latter effect should be taken into
account when intending to
increase yolk colouration via
LPC dietary supplementation.
Our results show that addition of
1.5% LPC can be recommended
in feed for laying hens.”. (Grela
et al. 2014). A lengyel kutatok
eredményeit érdemes alaposan
figyelembe venni a Proteomill
projekt baromfi takarmanyozasi
kisérletekben, tekintettel arra,
hogy itt nem a francia APC,
hanem a magyar MWC

2015

Ebben az évben a dan Aalborg
Egyetem ¢és az Biotest APS cég
harom kutatoja nyajt be kozds

technoldgia eredményezi az
LPC-t.

A  Dbejelentés  kivonata a
kovetkezo: »The present

invention relates to the provision
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tulajdont eljaras szabadalmat, A
method of providing functional
proteins from a plant material
cimmel. (Kiel et al., 2015)

of leaf protein concentrate and
food grade soluble functional
proteins and possibly other high
value products and fibres from a
green plant material. The
method further provides for the
possibility obtaining
fermentation products as biogas
and finally fertilizer. The soluble
functional protein product may
be wused in food and/or in
pharmaceutical products.”.
Maoadszeriiket a kdvetkezoképpen
kozlik: ,,In a first aspect of the
present invention relates to a
method for providing a
chlorophyll concentrate and at
least one soluble functional
protein said method comprises
the steps of: pressing a green
plant material, obtaining a press
cake and a green juice
subjecting said green juice to
UHT Sterilization/pasteurization
and obtaining a sterilized green
juice, subjecting the
sterilized/pasteurized green
juice to separation and obtaining
a chlorophyll concentrate and a
clear juice, recovering at least
one soluble functional protein
from the clear juice.”. A szerzék
utalnak arra, hogy az igy
keletkez6 savo, barnalé
fermentalasra  alkalmas, az
alabbiak szerint: ,,Such
fermentation process may an
alcohol, amino acid, organic

acid, enzyme or methane
fermentation” (Kiel et al., 2015).
A Proteomill projekt

szempontjabol a Kiel et al., féle
szabadalom  értékes  kozlés.
Déanidban azéta ezt az eljarast
orszagos programba emelték be.
Errdl késébb beszdmolunk.

2016

Krzysztof

Pietrzak,

Eugeniusz R. Grela lengyel

kutatok Effect of alfalfa
protein concentrate (APC)
supplementation to fattener
diets on

performance,

Megallapitjak a kovetkezdt: ,,In
conclusion, APC application
improved production effects, yet
it contributed only to a small
extent to changes of meat color
and texture. Content of bioactive
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carcass traits and meat
quality cimii ko6zleménye
jelenik meg.

compounds, mainly saponins,
had the potential to beneficially
affect lipid metabolism and
caused low cholesterol levels
and favorable fatty acid profile
in the tissues under study. This
effect was most clearly
observable in response to 3.0%
APC supplementation to pig
diets, however its continuous
supply increased liver and
kidneys weight. Higher weight of
the organs may be a
manifestation of physical effect
of some APC compounds on
organism, therefore the 3.0%
dietary additive to fatteners diet
is recommended to be used
intermittently”  (Pietrzak and
Grela, 2016). Ugy véljiik, hogy
Grela professzorék
munkajat a Proteomill projekt
sertés takarmanyozasi
kisérleteiben  kivaléan Ilchet
hasznositani. Az APC ebben a
tanulmanyban a francia Désialis
cég lucerna LPC termékét jeloli.

€zen

2017

2017-ben  Dénianam  két
nagyon fontos Osszefoglalo
dokumentumot tettek kozé az
egyetemeken folyd zold
fehérje biofinomito
kutatasokrol. A DCA Report
073 kodjelti tanulmény a dan
biofinomité kutatasok egyik
legfontosabb, két egyetem,
az Aarhus University és az
University of Copenhagen
kozos munkajanak
Osszefoglaldo koleménye, a
DCA Report 093 (Aalborg
University) mellett.

Fontos szabadalmi bejelentés
tortént 2017 juliusaban. A Ripple
Food PBC a kovetkezd kivonatott
jelentette be harom feltalalo
statusszal: ,,Provided are food

Mindkét munkat a Proteomill
program  résztvevdinek a
figyelmébe ajanlhatjuk.
Bemutatasra keriil a vilag egyik
legfejlettebb  allattenyésztését
magaénak tudd kis orszag
nemzeti stratégiaja.
Megismerhetd, hogy miért és
hogyan  akarja Dania a
gyakorlatba is bevezethetd zold
fehérje biofinomito technologiat.
Am  nemcsak a  projekt
szereplok, hanem a hazai szakma
legfels6 irdnyitdinak,
dontéshozoinak, tovabba
innovacioban  érintett  hazai
agrar-nagyvallalatok
szakembereinek is ajanlhatjuk.

A »tejtermék anal6g”
megfogalmazas a kovetkezoket
takarja: ,,The term "analogous
dairy product" as used herein
refers to a food product that is
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products that are derived from
non-animal sources that have one
or more of the following: color,
taste, nutritional content, and
other qualities similar to those o f
dairy products and/or other types
of food products. Also provided
are processes for production of
such dairy-like food products
and/or other types of food product
analogs” A széles spetrumban
lefedett  tartalom  alapvet6en
borsofehérjébdl indul ki, és tej-
analogot allit eld. A szaz oldalas
bejelentés  nagy  nemzetkozi
publicitast is kap.

Franciaorszdgban a  Luzerne
Recherche et Development (SAS),

mimicked by a daily product
analog and for which the dairy
product analog may serve as a
substitute. Examples of
analogous  dairy  products
include, but are not limited to,
milk (e.g., whole dairy milk,
dairy milk comprising 2% by
weight of fat [2% milk], dairy
milk comprising 1% by weight of
fat [1% milk], dairy milk not
comprising fat [skim milk], dairy
milk comprising supplemented
calcium [calcium-fortified
milk]), creme fraiche, clotted
dairy milk, single cream, double
cream, whipping cream,
cultured dairy milk, Kefir,
powdered dairy milk, condensed
dairy milk, Khoa, evaporated

dairy milk, Ricotta, infant
formulas, baked milk, butter,
buttermilk, Ghee, Smen,
anhydrous  milkfat, cheese,

curds, Paneer, whey, cottage
cheese, quark, cream cheese,
Fromage frais, yoghurt, Ayran,
Lassi, Leben, clabber, gelato, ice
cream, ice milk, frozen custard,
frozen yoghurt, Villi, Kajmak,
Filmjoelk, Piima, Via, Dulce de
leche, Skyr, and Junket.” (Kitzer
et al, Ripple Food, 2017).
Kiiléonosen a 34-35. oldalon
talalhaté 2. tablazat érdekes. Itt a
borsé fehérjéhez tizenkét egyéb
komponens adagolésat ismerteti.
A 00165. bekezdés leirja a
borsofehérje extrahalas
modszerét. Megjegyzés: Rigler
Gusztav  professzor 1912-es
sikérbél  kiinduld  ,,miitej”
szabadalma ennek fényében igen
figyelemremélto. Feltétlen
fontos lenne a Proteomill projekt
érintett szakembereinek a tej-
analog kutatasok meginditasa.

A kivonat a kovetkezd: ,,The
invention relates to an alfalfa
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Complexe Agricole du Mont
Bernard (Chalons en Champagne)
szabadalmat nyujt be (WO
2017/187109 Al) Hydrolysat de
proteines de luzerne, son procede
d’obtention et son utilisation
cimmel. A francia szabadalmi
bejelentés érékét az adja, hogy
nagyobb  hozzaadott  értékii
terméke  egész  sorat  lehet
eléallitani, mind a lucerna
frakcionalt zold levébdl, mind
pedig az LPC-bél kiindulva. A
Proteomill projekt kutatoinak
kiilonosen ajanlhat6 e
szabadalmom és az el6zmények
figyelemmel kisérése.

protein hydrolysate, a method
for the preparation thereof, and
the use of the hydrolysate as food
ingredient, as a cosmetic
ingredient and as an agro-based
material” A bekjelentés nyolc
db, korabbi szabadalmomra
hivatkozik: Clover multi-target
combined production extraction
separation method; Process for
the treatment and decoloration of
protein  solutions  containing
pigments from the groups haemo
and chlorophyl, and products
obtained, method for obtaining
an alfalfa protein extract and
reusable co-products; Process
for preparing microbial stable

protein  suspension; Plastein
synthesis with a-chymotrypsin
immobilised on chitin;

Extracting active ingredient and
polypeptide from Medicago
sativa involves slicing and pre-
treating fresh Medicago sativa,
crushing pre-treated Medicago
sativa to obtain slurry, which is
added with cellulase enzyme to
obtain digested slurry;
Development of a pilot process
for the production of alfalfa

peptide isolate;  Continuous
enzymatic  solubilization  of
alfafa proteins in an

ultrafiltration reactor.

2018

Az  Aarhus  University
(Dania) hat kutatoja
kozleményt jelentet meg,
Crude protein vyield and
theoretical extractable true
protein of potential
biorefinery feedstocks
cimmel (Solati et al., 2018).

Kozlik az aldbbiakat: ,,The
results of this study can be

utilized for supporting an
economic and  sustainable
biorefinery  process  where

protein can be manufactured and
utilized as a valuable product
early on during the processing of
biomass into energy and other
bio-based materials. CP yield of
pure fertilized grasses was
superior to both annual crops in
optimized rotations and
traditional systems. Festulolium
and tall fescue consistently
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showed significantly  higher
neutral ETP than all other crops.
Total yield of CP for pure
grasses was 2595-3693 kg ha—1
in 2013 and 2995-3251 kg ha—1
in 2014 of which 1001-1640 kg
CP ha—1 in 2013 and 1025-
1377 kg CP ha—1 in 2014 were
neutral extractable. If fraction
B3 can be extracted, 499-618 kg
more of the CP in 2013 and 667—
1023 kg in 2014 could be
extracated per hectare in pure
grasses. In 2013, both
unfertilized grass-legume
mixtures showed similar annual
neutral ETP (kg ha—1) to those
of reed canary and cocksfoot,
whilst in 2014, the SLU grass-
legume mixture had similar
neutral ETP to those of all pure
grasses. On a mass basis, on
average 34-46% of CP in pure
grasses and 48% of CP in grass-
legume mixtures were neutral
extractable. 14-35% more of CP
can be recovered in pure grasses
and grass-legume mixtures in
case fraction B3 can be
extracted. Half of the CP in
maize and wheat grain, 36% of
CP in beet leaves and almost
70% of CP in winter and spring
barley were neutral ETP.”
(Solati et al., 2018). A Proteomill
projekt tudomanyos munkaiban
a Solati-féle 2018-as kozlés
referencia pont.

2019

Dr. Rajesh Khanduji Jadhav
(Department of Botany, D.
G. Ruparel College, Mahim,
University of Mumbai, India)
az LPC elodllitds utan
keletkezé barnalé, ndvényi
savo, DPJ legismertebb
kutatoja, tobb mint harminc
kozlemény  szerzdje e
témakorben (Jadhav, 2019)

Ebben a koézleményben Jadhav
megallapitja: »The DPJ
(Deproteinised Juice) or whey
constituents were responsible for
the induction of growth
optimization of plants, various
fungi including yeast, Rhizobium
reported by earlier workers. In
previous experiments, DPJ
maximised the growth of plants
and seed germination. During
present investigation the
carbohydrates, amino acids and
protein tests were taken into the
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Az USA-ban a Disease
Biophysics Group, WYyss
Institute for Biologically
Inspired Engineering, John
A. Paulson School of
Engineering and Applied

Sciences ¢és a Harvard
University (Cambridge,
Massachusetts) kutatoi
megjelentetik az  Alfalfa
Nanofibers  for  Dermal
Wound Healing c.
munkdjukat. (Ahn et al.,
2019).

A kozlemény arrol szol, hogy a
szaritott  levélporbol
(lucernaliszt) hogyan lehetséges
szempontbol is értékes
fehérje nanobioszalat késziteni. A
koncepcid alapja az a tény, hogy a
lucerna a legfontosabb természetes
forrasa a  genistein
fitodsztrogénnek, amely
strukturalis Osztrogén-analog
vegyiilet. Nézetiink szerint ezt a
kutatdsi vonalat a Proteomill
projekt kutatéinak is mivelnitik
kell, nagy stratégiai jelentdségénél
fogva. Kiilondsen
kihangsulyozand6 a fehérjeszalak
eloallitasi, gazdasadgossagi ¢és
fenntarthatosagi kérdések
professzionalis tanulmanyozasa,
ha lehetséges, akar kiils6 szakértok
bevonasaval. A témaba végo
szabadalomrol mincs tudomasunk

lucerna

orvosi

nevi

consideration. All the tests found
positive. Despite, the extract is
deproteinised, still there was
persistence of few proteins and
amino acids. The collection of
mycelia grown on DPJ was
filtered and the culture filtrates
recommended to use in vitro for
the industrial purpose for
biomass and secondary
metabolites. Experimental DPJ
is compared with the glucose
nitrate medium as control. These
positive tests revealed the
suitability of DPJ to be used as
the medium for the growth of
fungi. Positive amino acid tests
conspicuously revealed presence
of phytohormones in members of
Brassicaceae DPJ and hence
advisable to be utilised for the
plant growth in vivo, plant callus
growth and cell proliferation of
mycelia in vitro.” Jadev tanar
munkait at kell tekinteni, és
hasznositani a Proteomill
projektben (Jadhav, 2019).

A nyolcvanhat szakirodalmat
felsorolo kivalo munka
legfontosabb megallapitsai az
alabbiak: LJAlfalfa  carries
genistein, which is a major
phytoestrogen known to
accelerate skin repair. The
scaffolds presented herein were
built from composite alfalfa and
polycaprolactone (PCL)
nanofibers  with  hydrophilic
surface and mechanical stiffhess
that recapitulate the
physiological

microenvironments of skin. This
composite scaffold was
engineered to have aligned
nanofibrous architecture to
accelerate  directional  cell
migration. As a result, alfalfa-
based composite nanofibers
were found to enhance the
cellular proliferation of dermal
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Finn szerz6k megjelentetik a
Bacterial protein for food
and feed generated via
renewable energy and direct
air capture of CO2: Can it
reduce land and water use?
c. kivalo 0sszefoglalasukat
(Sillman et al., 2919).

21- szazadi
biotech fehérjetermelés alapjait

A témakdr igazi

érinti. A szerzok lényegében a
korabbi évtizedek egyik cstcs-
biotechnologiai koncepcidjat, a
single-cell-protein  (SCP) elvet
élesztik  0jja a  hidrogént,
széndioxidt és oxigént, mint
energiat hasznositd baktériumok
elektrolizis-bioreaktorokban

megvaldsithatd tenyésztését. A
rendszer elvi alapjait a mult szazad
hatvanas éveiben dolgozzak ki az
USA-ban (NASA, Forster and
Litschfield, 1964) és
Németorszagban (Schlegel and
Lafferty, 1965). Nézetiink szerint
ezt a kutatasi vonalat a Proteomill
projekt kutatdinak is mivelniiik
kell, nagy stratégiai jelent6ségénél

fogva. Kiilonésen
kihangsulyozando a
gazdasagossagi és
fenntarthatosagi kérdések
professzionalis tanulményozasa,
ha lehetséges, akar kiilso szakértok
bevonasaval. A témarol
szabadalmi  aktivitasr6l ~ van
ismeretiink  (Solar  Solution,
Finland)

fibroblasts and  epidermal
keratinocytes in vitro. Finally,
these  nanofibers  exhibited
reproducible regenerative
functionality by promoting re-
epithelialization and
granulation tissue formation in
both mouse and human skin,
without  requiring additional
proteins, growth factors, or
cells. Overall, these findings
demonstrate the potential of
alfalfa-based nanofibers as a
regenerative platform toward
accelerating cutaneous tissue
repair.” (Ahn et al., 2019).

A tizenkét szerzds kozlemény
mogott  harom K+F
intézmény van (LUT School of
Energy Systems, Lappeenranta
University of  Technology,
Lappeenranta; VTT Technical
Research Centre of Finland; és a
Solar Foods Ltd, Helsinki). A
finn szerz6k a téma, az MP

finn

(mikrobial protein) zart
rendszeri ipari eléallitas
jelentéségét az  alabbiakban

foglaljak 6ssze az un. ,knallgas”

(thermophilic, aerobic,
hydrogen-oxidizing)
baktériumokkal
(Hydrogenobacter
thermophilus, Cupriavidus
necator, Hydrogenovibrio

marinus, és Helicobacter
pylori): ,The land and water
requirements of H2-oxidizing
bacteria-based MP via the
carbon capture and renewable
energy had not been previously
studied. We have shown that this
technology exhibits a minor
direct land occupation and water
consumption  compared  to
traditional protein sources such
as soybeans. Currently, MPs are
not widely used protein sources;
thus, there is much progress that
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can be made by using the
proposed MP  production
technology to improve food
security and sustainability of
food or feed chains. Therefore,
the technology should be
considered as a promising tool
for sustainable agricultural
development. However, before
the commercialization of the
studied technology, ensuring the
safety as food and piloting with
larger production capacities
including a techno-economic
and a more comprehensive
environmental assessment is
essential.” (Sillman et al., 2919).

2020

Ismereteink szerint Franciaorszag-
ban miikddik a vilag egyetlen
LPC-t jelenleg eldallito
nagyvallalata. A Désialis cég fél
évszazados multra tekint vissza;
egykor az USA-beli Pro-Xan
technologiat adaptalja.

Az USA-ban a Brewster cég
terméke a Vitalfa, a legismertebb
lucernakivonat. A technolégia-
ismertetd szerint 62,5 tonna (20%
SZA) lucernabdl 1 tonna (90%
SZA) koncentratumot kapnak. A
Iépések az kovetkezok: proselés,
hokezelés, centrifugalas, szaritas,
granulalas. A termék neve ANC
(Alfalfa Nutrien Concentrate). A
cég az alabbiakkal mutatkozik be:
»Brewster is a name with a long
history of involvement in the food
supplement and natural product
industries. Started in 1929 as Test
Laboratories by Dr. William Test,
the focus of the company was
research and development. Bought
in 1950 by Marshall L. Brewster,
the company changed its name,
began to focus on producing a
high-quality food supplement, and

Ma harom koncentralt lucerna
extraktumot allit eld, ANC,
Extraluz és PX Agro Super
néven. A Proteomill projekt
részére javasoljuk en termékeket
kisérleti méretben importalni, és
Osszehasonlitd takarmanyozasi
¢és analitikai kisérletekbe vonni.
Forras:

https://www.desialis.com/produi

ts (2020 01 02)

A Vitalfa-rol a kovetkezOket
irjak: L VITALFA™ is a pure
juice powdered extract from
100% Non-GMO, fresh, young
growth  alfalfa  (medicago
sativa). Produced through a
100% mechanical process, free
of any carriers and/or diluents,
VITALFA offers a broad range
of feeding applications through
the utilization of a naturally-
rich, powerful source of
phytonutrients, vitamins, and
minerals. VITALFA is included
in many companion animal diets
where formulations require a
100% natural, human grade
ingredient that provides
complete  animal  nutrition.
Examples in this market include:
canine, feline, horses, rabbits,
guinea pigs, exotics, reptiles,
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started to recruit distributors to
provide vitamins and minerals to
the general public. Through the
distributors,Brewster spread the
concept of a healthier life through
the supplementation of nutrients to
one's diet. Currently producing
over 300 niche products of
unsurpassed quality, we maintain
two plants in California”.

Rod Mc Donald (Uj-Zéland)
kivalé kutatdé az elmult negyven
évben az LPC kutatas-fejlesztés
é16 tantija. Evek ota azt kozli a
nemzetkdzi kozosséggel, hogy a
mult alacsony hatékonysagt (low-
yield) LPC eloallitasi
technoldgiait  hogyan lehetne
atalakitani magas hatékonysagu
(high-yield) modszerré.

birds and other small companion
animals. VITALFA is an
excellent  replacement  for
standard "dehy" alfalfa and a
low-cost alternative/complement
to spirulina: 52% Protein,
Omega 3 & 6 Fatty Acids, Mixed
Carotenoids and Beta
Carotenen, Mixed Xanthophylls
including Lutein & Zeaxanthinn,
Mixed Tocopherols (alpha, beta,
gamma, delta), Vitamin K
(Natural Phylloguinone),
Natural Chlorophyll A & B,
Calcium & Other Vitamins”.
Forras:
http://ingredientsbynature.com/i
ngredients/animal-nutrition-
ingredients

Mc Donald dr javaslatanak
kdzponti stratégiaja a mikroalga
eléallitas kifejlesztése a
barnaléb6l. A Mc Donald-féle
koncepcidt az alabbi tanulmany
argumentumaira is tdmaszkodva,
a Proteomill program
tudomanyos ¢és gazdasagossagi
esszenciajaként javasolt kezelni.
Jelenlegi ismereteink  szerint
ilyen munkat eddig nem
végeztek, ilyen szabadalmak és
know-how-k nincsenek, sem a
hazai, sem a nemzetkozi
szakirodalomban. (Mc Donald,
2020)

Forrés:
http://sustainableprotein.com/#
ednref34 (2020 01 02)
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3.2.2. A Zold biofinomito korszak elsd két évtizede fobb eredményeinek témadokumentdcidja
(2000-2020)

2000

2/1. sz. dokumentum: Megjelenik Margrethe Andersen és Pauli Kiel Integrated utilisation of
green biomass in the green biorefinery c. 6sszefoglalo tanulmanya az Industrial Crops and
Products cimi tekintélyes tudomanyos lapban. Danidaban folytatédik a zold biofinomito
kutatas-fejlesztéssel kapcsolatos munka. Ennek az egyik kozvetlen elézménye volt a
VEPEX technologia megvasarlasa Magyarorszagrol a dan Anhydro cég és a Licencia
Kiilkereskedelmi Vallalat részvételével. Az egykort beszamold szerint a Nykbingi
Cukorgyarban épiilt fel az elsé ilyen lizem, melyet 44 tonna / 6ra zoldlucerna feldolgozésra
tervezték (Anonymus, 1978). Ebben a munkaban talaljuk meg a barnalé ipari hasznositas
néhany uj szempontjat, azt kovetéen, hogy Daniaban oktéber 1 és februar 1 kozott
megtiltjak a novényi eredetii barnalé szantofoldre torténo kozvetlen kijuttatasat. A dan
kutatok a barnalé tejsavas erjesztésre dolgoztak ki modszereket. Ipari partner a Dangront
Products (Ringkebing).

INDUSTRIAL CROPS
AND PRODUCTS

AN INTERNATICHAL JOURNAL

s e
oeR £ T P
ELSEVIER Industrial Crops and Products 11 20000 129-137 _—
www.elsevier.com/locate findorop

Integrated utilisation of green biomass in the green
biorefinery
Margrethe Andersen *, Pauli Kiel

Centre for Agro-Industrial Biotechnology, University of Southerm Denmark, Eshjerg, Industrivej 11, 6870 Ogod, Denmark
Accepted 8 October 1999

Abstract

Grass, clover and alfalfa are used for production of fodder pellets. In the gresn crop drying factories in the
northern countries the drying iz combined with pressing of the gresn crops resulting in production of large volumes
of plant juices, green and brown juice. In order to get rid of these enormous amounts of plant juice. representing an
environmental threat, it is our aim to convert the simple drying industry to a whale crop utilisation factory, a green
biorefinery, where the plant juice can be used as raw material in a fermentation process. As the plant juice is very
unstable, it has been necessary to develop a method for both conservation and utilisation of the juice. The plant juice
is converted to a nice universal fermentation medium by lactic acid bacteria. A number of lactic acid producing
strains have been tested. Among the most productive strains, Lactobaciilus paracase! ssp. paracasei P41 55 is found to
be the most effective in utilising fructans and citric acid. Most carbohydrates and organic acids in the juice can be
converted to lactic acid by two homofermentative lactobacilli. The highest lactic acid yield and productivity is reached
when using not-heat sterilised brown or green juice as the fermentation medium. The amount of free amino acids in
the juice is increased and the content of vitamins and other important growth factors kept unspoiled by the lactic acid
fermentation. The fermented juice can be stored as it iz or evaporated to a concentrated form and ussd in
fermentation industries for production of amine acids, organic acids, enzymes etc. © 2000 Elsevier Science B.V. All
rights reserved.

Keywords: Lactic acid; Plant juice; Fermentation; Whele crop utilisation; Bicrefinery

1. Introduction of green pellets and solves their energy-economi-
cal problems by pressing the green crop prior to

The green crop drying industry uses grass, drying.
clover and alfalfa as raw materials for production The produced side stream, green or brown

juice, has until now been spread on the fields as
fertiliser. Problems with pollution of the ground

* Corresponding author. Tel: 4+ 43-732-46533; fax: 4+ 45 ~ " . Lo .
75246540, water with nitrate. especially in the late autumn
CE-maii addvesses:  masi@sdudk (M. Andersen), have. however, led to stringent regulations for the
pkigagrosdudk (P, Kiel) use of plant juice as fertiliser in many countries.

09 25-6690/00/3 - see front matter © 2000 Elsevier Science BV, All rights reserved.
FII: S0026-6690(99)00055-2
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2000 (2/1 folytatas)

M. Andersen, P. Kiel [ Indusirial Crops and Products 11 (2000) 129-137

adding more carbohydrates or for production of
other organic acids or amino acids in a second
stage fermentation. Experiments carried out on
sterilised brown juice show, that the different
lactic acid bacterial strains have different ability
to utilise par example the fructans and citric acid
in the juice. Fermentation experiments with the
two strains in not-sterilised brown juice show that
fructans as well as citric acid are converted to
lactic acid, resulting in an increased yield with
both strains. On the basis of this, it can be
concluded. that fermentation in ‘not heat treated’
juice, where the content of naturally occurring
plant enzymes is intact, is to be preferred. Of the
tested strains, L. paracasei ssp. paracasei shows
the highest vield of lactic acid (¥, wsc=0.82) in
sterile media, whereas L. salivarius shows a yield
of 0.72. The same tendency is seen in not sterilised
brown juice media. Here the vield { ¥ s wsc) isl.]
for L. paracasei ssp. paracasei and 0.9 for L
salivarius. As the most effective and cheap way to
produce lactic acid (and lactic acid fermented
brown juice) will be a continuous fermentation in
not heat sterilised green or brown juice, it is
important to choose a robust fast growing stain.
In that respect L. salivarius BC 1001 is until now
the most promising strain, as the strain grows
very fast. Lactic acid fermented juice can be
stored under anaerobic conditions without loss of
contents of vital chemical compounds, at least in
the winter period, and acidified, concentrated
brown juice can be stored the whole year around.
This, together with the fact that the acidified plant
juice is an excellent medium for par example
amine acid producing strains of Corpnebacterium
glutamicum, leads us to the conclusion that green
crop drying factories can be a good starting point
for a green biorefinery, where organic acids and

amino acids are to be produced in parallel with
fodder pellets.
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2001
2/2. sz. dokumentum: Az OMFB Fehérje- és Biotechnologiai Iroda egykori igazgatodja,
Kralovanszky U. Pal kezdeményezésére javaslat késziill a magyar fehérjeprogram
ujrainditasara. Az err6l szold beszamolot Dr. Olah Istvan altal szerkesztett, Mag- Kutatas,
Termesztés, Kereskedelem c. szaklap 2001 aprilisi szama ismerteti (Kralovanszky et al., 2001)
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Az Eurdpai Unidhoz térténd csatlakozasunk idépontjanak fi-
gyelembevételével csupan hdrom év 4ll rendelkezésiinkre,
hogy megteremtsiik a ndvénytermesztés és az allattenyésztés
kozotti megbomlott egyensilyt. Hazankban a 90-es évtized
alatt mind a takarmanytermesztés hozamai, mind az allatallo-
many létszama és produkcidja 30-45%-kal csokkent. Ebbol
eredden az dgazatok fejlodése megtort és a mar hagyomd-
nyosnak tekinthetd kiilkereskedelmi lehetdségeink is beszii-
kiiltek.

Mindez hatranyosan érintette a gazdalkodokat, egysikab-
ba vilt a vetésszerkezet, s nagy mértékben csokkent az dllat-
tartdsi kedv is.

A mezdgazdasagi dgazaton tilmenden azonban az egész
tarsadalom dldozatul esett annak, hogy az élettani tapanyag-
ellatasunkban rendkiviil fontos allati eredetil fehérjefogyasz-
tasunk igen jelentGs mértékben — tobb mint 20%-kal csok-
kent a kevesebb hus- és tejfogyasztas kovetkeztében.

E helyzet tarthatatlan, mert a javulo életszinvonalat bizto-
sito dltalanos gazdasagi fejlodeésiink mellett nem maradhat el
a sok Osszetevobdl allo éplaleklanc” erteljes iitemi fej-
lesztése. Azt is figyelembe kell venni, hogy e vonatkozisban
az EU ¢és a hazai viszonyok kozotti kiilénbségeket mielobb
meg kell sziintetni.

Mi jellemzd jelenlegi helyzetiinkre? A fejenkenti allati ter-
mek fogyasztasunk kevesebb az EU 15 étlaganal, s igy tap-
lalkozasunk biolégiai szinvonala — kiilondsen a tejfogyasztas
tekintetében — elmarad az élettanilag sziikséges meértéktol (a
to)ds kivételével):

Az alacsony fogyasztisi szintet elsédlegesen a tarsadalom
nagy részének a jovedelem szinvonala motivilja (ezzel nem
tisztiink foglalkozni).

Azzal viszont igen, hogy a fejlédés masodik korldtozo té-

Javaslat a takarmanyfehérje-termelés
nemzeti fejlesztési programjara

hoz képest. Ugyanakkor katasztrofalis mértékiire zsugorodott
a keérddzok szama, ami azért 1s rendkiviil kedvezitlen, mert a
megndvekedett gyepteriiletiinkre mintegy 50 %-kal kevesebb
kérodzo allat jut, s ebbol kovetkezoleg e teriiletet nem va-
gyunk képesek maradéktalanul hasznositani.

llyen alacsony allatlétszammal és termelékenységgel fo-
gyasztasi igényeinknek megfelelé tobblettermelést nem le-
hetséges elémiink.

Kedvezdtleniil alakult takarmanymérlegiink is. Hazénk-
ban a mezdgazdasagi teriiletnek mintegy 60-65 %-at fordit-
juk takarmdnytermesztésre (az EU atlagdban pedig a teriilet
75 %-at). E teriiletrdl jelenleg nem tudjuk az allatdllominy
tipanyagsziikségletét maradéktalanul kielégiteni.

Vetésszerkezetlink osszetétele romlott, hattérbe szorult a
fehérjendvények termesztése és akkora mértekii az ebbéli
importunk, mint amekkora a kordbbi, mintegy 40%-kal na-
gyobb allatallomany ellatisahoz szilkséges volt. Ezt az ellen-
tmondast is fel kell oldani, mégpedig az EU-ban torténd ta-
mogatdsi aranyokhoz felzarkozva.

Fehérjetakarmanybol éves dtlagban 33 millio tonndt im-
portalnak, az EU orszagok 17 millio tonnds sajat termelés
mellett (sziikségletiknek 66%-it).

Hazénk 0,6 millié tonnat importal, 0,25 millio tonnds sa-
Jat termelés mellett (szikségletének 71%-at).

Mindkét régioban ¢ takarménybeszerzés teszi ki az agrar-
kiilkereskedelem legnagyobb dsszegii tételet.

Az EU takarminymérlegében a fehérje onellatasi
szintje atlagosan csak 38,5 %-os, olajos magvakbél pedig
csak 17,5 %-os. (Itt tehat nem fenyeget benniinket a jovi-
ben sem semmiféle korlitozis.)

A termelés Osztonzésére az EU un. jivedelempotlo ta-
mogatist vezetett be, amelynek mértéke a fehérjenivé-

nyek esetében mar 1995-ben elérte a
1999-ben Hazénkban AzEU15  Haraifogyasztis 360 ECU/ha szintet, (ami megfelel: 94
egy fiire orszigban az EU-hoz ezer Ft/ha’tamn‘gatasn.ﬂl‘() az olajos
juté éves viszonyitva, nivényeknél pedig ennél is magasabhb
% _ban volt: 430 ECU/ha (ami megfelel 110

Hisfogyasztds, kg 559 709 78,8 % ;?[“-f Fiiks fﬂmvgﬂfasnﬂft])}-' sk
Tejfogyaszias, liter 158 27 69,6 % AZYArOISZAZON Az UlobDI 1A0SZakban
P — o az import husliszt kiesése, illetve a nap-
Tmas[ugyaszms.rdb 288 281 102,5 % raforgo vetésteriiletének radikalis csok-
Naponkénti dllati kenése miatt kb. tovabbi 250 ezer ton-

sdetil fehérie 3 g (74

eredetd fehérje. g 46.3 61,0 75.9 % na éves fehérjehidnnyal kell szdmol-

nyezdje az allatdllomdany drasztikus mértéki csokkenése: A
gazdasdgi allatok 1étszdma a II. vilaghébord utdnira esett vis-
sza, vagyis kb. 40 %-kal kevesebb a kordbbi évtizedes atlag-

nunk. (igy az import fehérje mennyisé-
ge a 650 ezer tonndrol 900 ezer tonnara névekedhet, értéke
pedig az 55 Millidrd Ft-r6l 76 Millidrd Ft-ra, természetesen
devizaban.)
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G KUESERMESTIS RERESHEDEE

Az import széjadara dra egyre |
magasabb és az EU-ban - az llati Ev Teriilet ha Tamogatisigény
eredetii takarménylisztek felhasznd- (meglévo + tibblet) Millidrd Ft/év*
lisanak megtiltdsa kovetkeztében — Jivedelempitld  Feldolgozds
minden fehérjehordozd ardnak to- 2001. 60.000 2,1 0,6
vabbi emelkedésével kell szamolni. A 2002. 110.000 5.1 1,1
szdja a Chicagol tozsdeén jelenleg 191 2003. 200.000 12.0 2,0
USD/tonna, amelyre cca. 80 USD/tonna 2004, 250000 206 5.0
szallitasi koltség rakodik, igy a hazal
felhasznalasra 270 USD/tonna éron ju- * 4 tamogatds évidl-évre 1,33-as szorzoval novelt dsszeggel szamolva

tunk szojadarahoz, ami tovabbi (orszi-

gon beliili) szllitasi ¢s kezelési koltsé-

gekkel novelt dron, 85.000 Ft/tonna értékben keriil a vég-

felhasznalohoz.

Mindezekhez kapesolodoan a fehérjeellatast javitd szinte-
tikus aminosavak arszinvonala is ugrasszerlien valtozik ¢s a
vilagpiac sziikiilésével is szaimolni kell.

E hihetetlen mértékii Arndvekedés és ezzel egyidében a
fehérjetakarminy bazis csikkenése kritikus helyzetbe
hozza allattenyésztésiinket, még a jelenlegi — visszaesett —
szinten is.

Ebben a helyzetben az orszag el6tt két lehetdoség all:

1. Novelni a szojadara importot, amely ma ellendrizhetetle-
niil — (részben genetikailag modositott anyagként) — kertil
be az orszagba. Ezzel a nemzetgazdasigbol tovabbi
20-25 Milliard Ft értéki devizakidramldsra szamithatunk.

2. Javitani a hazai takarmanyfehérje termelést és feldol-
gozast, ami viszont az eldbbi érték toredékével megszer-
vezhetd. A fejlesztés 35.000 Ft/ha termelési (jovedelem-
potlé) timogatds és 5.000 Ft/t feldolgozisi timogatis
bevezetésével indulhatna, amelynek mértékét évrdl-évre
novelni kell hogy, az EU csatlakozast megeldzd években
kozelitse az ott mikkddtetett timogatdsi rendszer szintjét.

A terméteriiletek fokozatos ndvekedését feltételezve, négy
év alatt a fejlodés és a timogatasi igény az alabbiak szerint
prognosztizalhato (1asd tablazat).

Ez a nivekedés azt eredményezhetné, hogy mar a ma-
sodik évben (2002-ben) a hidny hazai forrasbol megold-
hat6 és az idoszak végére a timogatis mértékét lényege-
sen meghaladé import-megtakaritis érhetd el.

Ennek hidnyaban szdmolni kell azzal, hogy az dllati ter-
mékek termelGi és fogyasztoi arai fokozatosan fognak emel-
kedni, s ebbdl eredden a hus-, tej-, és tojasfogyasztasunk in-
dokolt javulasa helyett tartosan maradunk el taplalkozisi ige-
nyeinktolL

A hazai termesztés mar 2001. tavaszitol megszervezhetd
a biologiai alapok mennyiségénck fliggvényeben. A terme-
léstamogatast célszerlien az ismert fehérjendvényekre (szoja,
borso és egyeéb hiivelyesek) kell kialakitani.

A feldolgozasi technologidkat mar korabban kidolgoztuk,
azok ismertek, részben rendelkezésre allnak, illetve megfele-

16 palyazati rendszer keret¢ben kapacitasbovitesként kialakit-
hatok, beszerezhetok.

A fehérjendvények termelési (jovedelempotld) timogatdsa
mellett a feldolgozdsi tamogatast nem lehet csak erre a no-
vénycsoportra leszlkiteni, hiszen a — kivaléan feltirodd —
extrudalt takarmanyoknak szdmos mas trsitott alapanyaga is
lehet — olajos magvak, gabonafelék —, amelyek végeélja egy
komplextrudalt fehérjetakarminy, ami megfeleld aminosa-
vakkal kiegészitve képes a szojadarat és az allati fehérjét tel-
jes mértékben helyettesiteni.

Ez a timogatdsi rendszer egyben modell is lehet arra,
hogy az eéves atlagban 650 ezer tonna szdjaimport — amely-
nek jelenlegi osszérteke 55 Milliard Ft —, milyen modon
csokkenthetd, a hazai fehérjetermelés novelése esetén,

A problemakorbdl termeészetesen a takarményozdsi gya-
korlat szélesebb korli szakszeriiségének attekintését sem le-
het kihagyni, hogy a takarmanyfelhasznalas fajlagos mutatoi
is javuljanak az allati termek termelés gazdasagi hatékonysa-
ga érdekében. (E vonatkozdsban elmaradunk a nemrzetkdzi
szinvonaltol és igy a versenyképességtol.) Tajékozédasunk
szerint a termeldk, feldolgozok, felhasznalok széles kire
virja az eddig kedvezdtleniil alakulé helyzet javitasat
eredményezd atfogo cselekvéseket,

Mindezt egybevetve a taplalkozasi linc egyenszilardsaga-
nak megteremtése — a novénytermesztés, allattenyésztés, fel-
dolgozési technologia, takarmanyozas, dllati termékek fo-
gyasztasa — rendkiviil Osszetett feladat, amely csak tervezett
és kozeptavii timogatasi rendszerrel oldhato meg. Az esetle-
ges ad-hoc intézkedések nem vezetnek tartos eredményekhez.

Ez a fejlesztés gyakorlatilag atfogja az agrarium legna-
gyobb termelési szférajat, ugyanis évente tobb mint 300 mil-
liard Ft Osszegili takarméany keriil feletetésre (ami ma mar a
koltségek tobb mint 60 %-at adja), s az allattenyésztés bruttd
termelési ertéke is meghaladja az 500 milliard Ft-ot.

E program a mez6gazdasagon belil a gazdasagi fejlodes
kozéptavu kovetelménye és ha nem cseleksziink, az 1d6 to-
vibbra 1s elleniink dolgozik.

A tanulmény készitésében kizremiikodtek:
Dr. Bodis Laszlé, Dr. Demeter Janos,
Dr. Kralovanszky U. Pal, Dr. Manninger Sandor
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2/3. sz. dokumentum: A lucerna harvest-fractionation eljarasra eldszor a Debreceni Egyetem
kutatoja, Fari M. és munkatarsai nyajtanak be szabadalmi bejelentést, Eljaras magasabb
beltartalmi értékii lucerna szaritmanyok eléallitasara cimmel (Fari et al.,, 2002 11 11,
P0203889). A Fari-féle eljaras megrekedt a bejelentés fazisaban. A SZTNH adatbazis
szerint e bejelentés tulajdonosa, a Tedej zZRt nem fizette be az eljarasi dijat. Az eljaras a
maga teriiletén az elsé volt. Megelézte a Shinners et al eljarast (USA).

[
oot el 2
PoL 2489 A A
SZABADALMI LEfRAS ES IGENYPONTOK

A taldlmdny cime:
Eljardas magasabb beltartalmi értékii lncerna sziritminyok elbdllitasira
A taldlmény targya eljiras magasabb beltartalmi értékii lucerna sziritméanyok eloallitasara.

A z06ld biomassza hasznositasdnak eddig ismert Gtjait - a kozvetlen nyersfogyasztason kiviil - az
jellemzi, hogy ezeket az €16 nyersanyagokat a mezdgazdasagi szakember sokszor évszdzados
hagyomanyokon nyugvé, killonféle tartésitdsi modszerekkel teszi alkalmassa a folyamatos
felhasznélds szamdra. Ilyen eljaris a szénakészités, silbézds, szendzs készités, levelek szaritasa,
poritdsa, zoldségek konzervalasa fagyasztassal, savanyitassal ¢s befozéssel, stb. Ismeretes, hogy a
z6ld biomassza természetes biologiailag aktiv anyagai kiilonboz6 médon, sokszor igen jelentés
mértékben karosodnak a tartsitds soran, ezért a végprodukceid szamdra sziikséges mennyiséget a
lehetségesnél és optimalisnal csak sokkal (akar 20-30%-kal is) nagyobb teritleten kell
megtermelni, A szakismeretek hidnyossagai, modern technologidk fejlesztésének és
alkalmazisanak hianya, az olykor gondatlan tartositds és tarolasi gyakorlat kovetkeztében a
tipanyagveszteségek a 25-40%-os ardnyt is elérhetnek. Példdul az orszagos fehérje-mérleg
vizsgélata alapjan hazai szakemberek kiszdmitottdk, hogy csak a fehérjeveszteség mértéke évente
170-230 ezer tonna nyersfehérje, amely a megtermelt fehérje mintegy 14-18%-a. Nem meglepd
tehat, hogy Magyarorszag - a meglévd, csSkkentett allatallomany elldtasara - 1999-ben 800.000
tonna takarményimportra szorult, és e fehérjetakarmany-import mar elérte az 50 milliard Ft
értéket. A szakirodalom bizonyitja, hogy a névények z&ld biomasszijaban altaliban a magvakban
felhalmozddo anyagoknal - teriiletegységre vetitve - mind mennyiségben, mind minéségben
Iényegesen t6bb bioldgiailag értékes anyag (fehérjék, aminosavak, vitaminok, enzimek, stb.) van
jelen, amelyek ipari hasznositésahoz a zold biomassza frakciondldsinak biologiai és technikai
feltételeit kell eldszor megismerni. A szénakészités mindségi fejlesztését jelentette a
z6ldtakarminyok mesterséges sziritasa. A szaritmany Orlésével nyert zdld liszt, példaul
lucernaliszt eldallitas, széles korben elterjedt modszer lett a viligon, Hazdnkban a nyolcvanas évek
elején mintegy 120 lucernaszarité izem mitkodott. Az un. forrolevegds szaritok kdzds jellemzdie,
hogy a szint6foldon lekaszélt, - adott esetben mérsékelten fonnyasztott - és szecskazott zold

lucerna szaritéhengerekben keriil megszaritasra.
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L tabldzat: Zo6ldbimbo dllapotban betakaritott leveles lucernahajtasok also es felsod részébol nyert

préslé, présrost és koagulalt valodi fehérje-frakciok mennyiségi megoszlasa (Tedej, 2002)

[Fajtak | Zold- Présrost frakeio Préslé és koagulalt valodi fehérje-frakcio
|ésa tomeg a zoldtomeg szazalékaban a zoldtomeg szazalékiban
hajtas Nedves Szaraz Présle Nedves Sziraz
also és koagulalt koagulalt valédi
felsé valédi fe}!(?rje- fehérje-frakcié
. frakcio

részei | (8) (%) (%) (%) (%) (%)
VERKO FAJTA

Also 560 38,3 7.8 518 7,1 2,67
T€SZ

Felsd 600 34,1 14,5 55,0 15,8 6,16
rész

Atlag 36,35 16,15 534 11,45 4,41
ANNA FAJTA

Also 480 30,2 13,6 55,2 7,3 2,91
rész.

Felsd 497 34,2 16,9 49,3 11,0 4,82
rész

Atlag 32,2 16,25 52,25 9,15 3,86

11 FAJTA ATLAGA

Also 513,8 35,4 16,1 56,6 7,4 2,65
rész

Fels6 | 557,47 345 136 56,7 14,1 536
rész

Atlag 34,9 14,85 56,65 10,75 4,06
Vastagitott szamok: szignifikdns kiilonbség van (P=0,001 szinten)

Dot szamok: ninces szignifikdans kiilénbség (P= 0,001 szinten)

Szamitasaink szerint 10 tonna Verko leveles lucernahajtas felsd felébdl - szaraztémegben szamitva
- 5,36 mazsa valodi fehérje-frakcio csapathat6 ki, ami példéaul 50 tonna/év zoldtomeg esetében

2,68 tonnanak felel meg. Ez az érték 11 fajta atlagaban 2 tonna koriil alakult.

A fentebb felsorolt, e helyiitt nem részletezett tébbi beltartalmi paraméter is hasonloképpen
szignifikans tobbletet mutatott a leveles lucernahajtasok felso felében. Példaképpen emlitjiik meg
azt, hogy a fels6 hajtasfélben kozel haromszor tobb C-vitamint mértiink (35,25 mg%), mint az

alsé félben (13,16 mg%).

A talalmany szerinti eljaras részleteit az alabbi kiviteli példakon szemléltetjiik:
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2/4. sz. dokumentum: Megjelenik Sun és Cheng (Department of Biological and Agricultural
Engineering, North Carolina State University, Raleigh), Hydrolysis of lignocellulosic materials
for ethanol production: a review c. dsszefoglald munkaja. Targyalja a lucernarost bioipari
lebontasara vonatkozo korai irodalmat is. (Sun, Cheng, 2002)
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Hydrolysis of lignocellulosic materials for
ethanol production: a review ™

Ye Sun, Jiayang Cheng *
Department of Biological and Agricultural Fngineering, North Caroling State University, Raleigh, NC 27695-7625, USA
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Abstract

Lignocellulosic biomass can be utilized to produce ethanol, a promising alternative energy source for the limited crude oil. There
are mainly two processes involved in the conversion: hydrolysis of cellulose in the lignocellulosic biomass to produce reducing
sugars, and fermentation of the sugars to ethanol. The cost of ethanol production from lignocellulosic materials is relatively high
based on current technologies, and the main challenges are the low yield and high cost of the hydrolysis process. Considerable
research efforts have been made to improve the hydrolysis of lignocellulosic materials. Pretreatment of lignocellulosic materials to
remove lignin and hemicellulose can significantly enhance the hydrolysis of cellulose. Optimization of the cellulase enzymes and the
enzyme loading can also improve the hydrolysis. Simultaneous saccharification and fermentation effectively removes glucose, which
is an inhibitor to cellulase activity, thus increasing the yield and rate of cellulose hydrolysis. @ 2002 Elsevier Science Ltd. All rights

reserved.

Keywords: Cellulase; Cellulose; Ethanol; Fermentation; Hydrolysis: Lignocellulosic biomass; Pretreatment

1. Introduction

Energy consumption has increased steadily over the
last century as the world population has grown and
more countries have become industrialized. Crude oil
has been the major resource to meet the increased energy
demand. Campbell and Laherrere (1998) used several
different techniques to estimate the current known crude
oil reserves and the reserves as vet undiscovered and
concluded that the decline in worldwide crude oil pro-
duction will begin before 2010, They also predicted that
annual global oil production would decline from the
current 25 billion barrels to approximately 5 billion
barrels in 2050, Because the economy in the US and
many other nations depends on oil, the consequences of
inadequate oil availability could be severe. Therelore,
there 1s a great interest in exploring alternative energy
sources.

" Paper No. BAE 2000-08 of the Journal Series of the Department of
Biological and Agricultural Engineering, North Carolina State Uni-
versity, Raleigh, NC 27695-7625, TISA.

‘Corresponding author. Tel.: +1-919-515-6733; fax: +1-919-515-
7760

E-mail address: jay_chengi@@nesu.edu (1. Cheng).

Unlike fossil fuels, ethanol is a renewable energy
source produced through fermentation ol sugars. Eth-
anol is widely used as a partial gasoline replacement in
the US. Fuel ethanol that is produced {rom corn has
been used in gasohol or oxygenated fuels since the
1980s. These gasoline fuels contain up to 10% ethanol by
volume. As a result, the US transportation sector now
consumes about 4540 million liters of ethanol annually,
about 1% of the total consumption of gasoline (Wang
et al., 1999). Recently, US automobile manufacturers
have announced plans to produce significant numbers of
flexible-fueled vehicles that can use an ethanol blend —
E85 (85% ethanol and 15% gasoline by volume) — alone
or in combination with gasoline. Using ethanol-blended
fuel for automobiles can significantly reduce petroleum
use and exhaust greenhouse gas emission (Wang et al.,
1999). Ethanol is also a saler alternative to methyl ter-
tiary butyl ether (MTBE), the most common additive to
gasoling used to provide cleaner combustion (McCarthy
and Tiemann, 1998). MTBE is a toxic chemical com-
pound and has been found to contaminate groundwater.
The US Environmental Protection Agency recently an-
nounced the beginning of regulatory action to eliminate
MTBE in gasoline { Browner, 2000). However, the cost
ol ethanol as an energy source is relatively high com-
pared to fossil fuels. A dramatic increase in ethanol

0960-8524/02/8 - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
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For the last 10 years biotechnological utilization of waste and residues from agricul-
ture and agro-industry has been the common goal for Dansk Biomasse A/S, AgroFerm
A/S and Center for Agro-Industrial Biotechnology, University of Southern Denmark.

The concept of the green biorefinery has been described in articles, posters and pat-
ent applications and a lot of experimental work in laboratory, pilot and full industrial
scale has been carried out in order to implement the ideas for industrial purposes.

Experimental results from laboratory and pilot scale on utilizing brown juice from
the green crop drying industry as raw materials in a Danish L-lysine production, will be
presented.

On the basis of these results the long and difficult way from idea over lab scale to
pilot scale, and last but not least, the latest scale up step from pilot scale to full produc-
tion scale will be described and discussed.

The evolution from a state university scientific environment to a private company
with the aim to set up a profitable large-scale production will be evaluated and discussed
as well.

The final result of our work 1s a fermentation plant using brown juice as growth me-
dium. One single green crop drying factory producing 50 000 tons of fodder pellets a
year has enough brown juice to supply a 12 500 tons L-lysine factory with fermentation
medium. First step in the production chain is a lactic acid fermentation of the fresh
brown juice in the green pellet factory. The lactic acid fermented brown juice is used as
fermentation medium in a fermentation process, in which different carbohydrate sources
can serve as extra L'?Jl'bi)ﬂ source.

The actual project with scale up from laboratory to pilot scale and finally to large
industrial scale production will provide the basis for the illustration of the necessity of
realizing the complexity in moving from university laboratory scale to industrial produc-
tion scale in a private company. We have selected the first step in the process, the
pre-treatment of the brown juice to illustrate the process from university laboratory to in-
dustrial scale production.

Keywords:

Fermentation, industrial fermentation, continuous fermentation, Lactic acid, L-lysine,
Lactobacillus, the green biorefinery.

ble residues e.g. different kinds of straw and fibres
(maize, grain, rape, hemp, flax, etc.), potato and veg-

The green biorefinery

Biorefineries represent a technology for utiliza-
tion of Renewable Resources and natural compounds
in form of green and waste biomass. The term Re-
newable Resources stands in this case for green
crops such as Italian ryegrass, alfalfa, clover, imma-
ture cereals from extensive land cultivation, vegeta-

*Corresponding author

etable industry wastes and molasses. The green crops
are used in the bio-production of bulk and fine
chemicals as well as fodder and energy.

We define “the green biorefinery™ as biorefinery
where we use renewable raw materials produced in
an ecological sustainable way, where the following
production process takes into account sustainability,
where all the biomass will be used to produce useful
products, and no (new) waste materials are produced.
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— The lysine factory uses about 200 tons of con-
centrated brown juice every week all year round.

— Availability of brown juice is very much de-
pendent on weather conditions varying from 0
during dry summers to 90 m* h™!' in the wet autumn.

— The quality of the pressed juice can vary a lot
and as a result quality control is necessary.

— At least half of the juice must be returned to
the drying factory and added to the press cake in or-
der to make good fodder pellets.

— The evaporator is using surplus heat from the
dryer and is only running during the green crop sea-
son.

On the basis of these conditions we have set up
a flow diagram for the industrial acidification pro-
cess (Fig. 0).

The hot brown juice from a green crop drying
plant is at the first step cooled to fermentation tem-
perature.

BT juce O-30 mlh
(A 40 mih 4% DV

We have decided to use only the best quality of
the juice in the acidification process and return the
other half of the juice to the pellet factory in con-
centrated form. In order to select a high quality
brown juice for the lactic acid fermentation we split
up the juice stream in two separate streams on the
basis of pH measuring (perhaps also other quality
criteria will be taken into account).

If pH is more than 5.5; the brown juice is led to
lactic acid fermentation in a 100 m* CSTR inocu-
lated with Lactobacillus salivarius. If pH is below
5.5; the brown juice is led to the sediment buffer
tank, where also the sediment from the sedimenta-
tion tank is led. After evaporation, the concentrated
brown juice is used in the production of fodder pel-
lets in the Drying Plant.

The acidified brown juice with pH between 4.0
and 4.5 1s led to a sedimentation tank, from where the
supernatant is led to a storage/buffer tank before evap-

gH=ds
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Fig. 6 — Brown juice from a Green Crop Drving Plant is cooled to fermentation temperature and on the basis of pH measuring

split up into two directions: 1. pH > 5.5: the brown juice is led to lactic acid fermentation in a 100 m® CSTR inoculated with
Lactobacillus salivarius. The acidified brown juice (pH < 4.5) is led to a sedimentation tank, from where supernatant is led to a stor-
age/buffer tank before evaporation to wpy, = 25 %. The sediment is led to a sediment buffer tank. The concentrated acidified brown
Juice is stored until transport to the lysine factory. 2. pH < 3.5: the brown juice is led to the sediment buffer tank, where also the sedi-
ment from the sedimentation tank is led. After evaporation, the concentrated brown juice is used in the production of fodder pellets in

the Drying Plant.
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oration to wpy, = 25 %. The sediment is led to a sedi-
ment buffer tank. The concentrated acidified brown
Jjuice is stored until transport to the lysine factory.

Using this concept it is possible to supply the
lysine factory with stabilized high quality brown
juice all year round and produce about 50 000 tons
of liquid lysine feed concentrate a year.

Symbols/abbreviations

wpy — mass fraction of dry matter, %

D - dilution rate, h™!

n — refractive index, %

U — specific growth rate, h™!
w  — mass fraction, %

DM - dry matter

y - mass concentration, g 17!
t — time, h
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Abstract: A proteome reference map of major soluble
proteins from Medicago sativa (alfalfa) leaves and stems
has been established for the first time. Among 195 spots
analyzed by mass spectrometry and N-terminal Edman
sequencing, 117 spots were unambiguously identified,
representing 87 different proteins. Of these 87 proteins, 13
proteins were directly identified from the partial genome
of Medicago sativa, 30 from expressed sequenced tags
(ESTs) of the model legume Medicago truncatula and 44
from closely relative species by a cross-species protein
identification method. The proteome map of Medicago
sativa was then set as a reference to study the major high
protein content products that are generated during the
wet fractionation process of alfalfa green biomass. Using
two-dimensional electrophoresis, we studied the varia-
tion of the protein patterns at different steps of the
industrial-scale process. We clearly show that the process
induces significant changes including chemical modifica-
tions, proteolytic events, and heat-shock protein res-
ponses. Strikingly, a certain level of cellular regulation is
conserved during biomass processing, as exemplified by
the induction of some heat shock proteins. Finally, all the
results obtained in this proteomic study may help to
identify novel products and to improve process designsin
alfalfa biomass plants. @ 2005 Wiley Periodicals, Inc.
Keywords: Medicago sativa; wet fractionation process;
homology-based proteomic analysis; 2-D electrophor-
esis, mass spectrometry

INTRODUCTION

Alfalfa is the world’s primary forage legume and one of its
most important characteristics is its high nutritional quality
as animal feed, which explain its importance in today’s food
processing industry. Alfalfa contains between 15% and 22%
crude protein and is also an excellent source of vitamins and

Correspondence to: Dr. Eric Quéméneur
Contract grant sponsor: Viridis S.A.
Contract grant sponsor: CEA

Contract grant sponsor: Europol’ Agro

©2005 Wiley Periodicals, Inc.

minerals. The wet fractionation process of alfalfa biomass
was developed in the late sixties by the US Department of
Agriculture 0 produce pellets of protein concentrate and
xanthophylls, known as Pro-Xan (Bickofl et al., 1971
Edwards et al., 1975; Lazar et al., 1971). Compared to the
classic dehydration process, the Pro-Xan process saves
energy and reduces pollution by grinding and pressing the
harvested alfalfa until about 50% of the moisture is removed.
Two outputs result, generating two different products: ex-
pressed juices, processed into Pro-Xan pellets and partially
dehydrated alfalfa fibers, further processed into pellets. The
high nutritional quality of Pro-Xan, especially for livestock
and poultry farming comes, in addition to xanthophylls and
oligoelements inputs, mostly from the ~99% digestibility of
its protein fraction (Bickoll et al., 1975), and from its high

content in metabolisable energy and available amino acids
(Dale et al., 1984). The Pro-Xan process was implemented in
France in the seventies after slight modification by the France
Luzerne company for the isolation of green and white
proteins (Patent GB 1 528 782, Gastineau, De Mathan, Dilly,
1975). Recently, the industrial process was further improved
by the Viridis company (Patent FR 2 819 685-A1, Levesque
D and Rambourg JC, 2001) to yield a Rubisco powder in
addition to Pro-Xan pellets, demonstrating that additional
valuable products could be obtained out of the Pro-Xan
process. In the wet process as currently used in the Viridis
plant, the protein content of the produetsis only characterized
by their nitrogenous matter determined by Kjeldahl analysis
(Procedure V18-100: AFNOR, 1985). A more accurate and
complete analysis of this content could, however, be per-
formed by proteomics.

Indeed, in the last few years, proteomics has become a
powerful tool for the investigation of complex biochemical
processes, the discovery of new proteins, and the character-
ization of specific protein interactions (Van Wijk, 2001). In
addition, beyond systematic studies of genome products and
the establishment of proteome maps in different kingdoms
(Iminetal., 2001; Lietal., 2003; Peltier et al., 2000: Zhan and
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Figure 3.

. N -
Green protein concentrate paste

pped alfalfa, press cake, green juice, and green protein concentrate paste. Proteins (1 mg) were separated in the first

dimension by isoelectric focusing (pH4-7) andin the second dimensionby SDS—PAGE. Boxed spots are compared at the key steps of the processand discussed

in Results and discussion section.

reticuloplasmin, is an abundant component of the endoplas-
mic reticulum, PDI (spot 2) was present in all fractions along
the fractionation process and its content remained stable.
Another major protein of the endoplasmic reticulum,
calreticulin, was also present at a constant level through the
process. Thioredoxins (Trx) share with PDI, a Cys-Xaa-Xaa-
Cys active site and display some ability for reducing
abnormal disulfide bonds forming under oxidizing condi-
tions. Cytosolic Trx was not identified but M-type Trx (spot
84) did appear in most fractions and disappeared in the paste.
Concerning PPIL, some of them were also identified in our
analyses, particularly TL-40 (spot 31) and cyclophilins B
(CYPB) (spot 88) which have been shown to play a role in
plant responses to environmental stresses and in particular to
bacterial (Deng et al., 1998) or fungal stress (Godoy et al.,
2000). In process studied, the abundance of CYPB remained
nearly constant in chopped alfalfa and green juice but the

456

protein, which may be denatured at 85°C, was decreased by
about 70% in the paste (Fig. 4B).

To exploitan alfalfa plant as ahigh yield cell factory for the
recombinant production of heterologous proteins, it may be
useful to coexpress or induce some of these foldases, in order
to significantly increase protein functionality or secretion, as
previously suggested for other models (Davis et al., 2000;
Fahnert, 2004). In the future, the present methodology will
allow monitoring of such re-engineering of alfalfa leaves.

CONCLUSIONS

The present study demonstrates the potential of proteomics
for a legume crop with an unsequenced genome. We report
here the first map of M. sativa with 87 protein landmarks and
atotal of 117 identified spots. This provides a solid basis for
further proteome comparison either for environmentally

BIOTECHNOLOGY AND BIOENGINEERING, VOL. 91, NO. 4, AUGUST 20, 2005
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Table II. Pairwise comparisons for process differential analysis®.

Spmh Access number Protein name Ratio”
Chopped alfalfa (CA) versus reference (R) VealVr
92 POYSE6 Small heat shock protein, chloroplast 8.2
2la gil 13784227 S-adenosylmethionine synthetase 6.2
29 QIXQv4 Glutamine synthetase leaf isosyme, chloroplast 6.1
19a 2il23320705 Rubisco activase, chloroplast 53
20 024310 Elongation factor Tu, chloroplast 4
6 P30171 Actin 97 4
3 TC76904 FisH-like protein Pfif precursor 34
93 gil7205173 putative peroxiredoxin 3
25 004019 265 protease regulatory subunit 6 A homolog CA
43 Q41363 268 protease regulatory subunit 7 CA
45 P12839 Glyceraldehyde-3-phosphate dehydrogenase B, chloroplast CA
9 P34811 Elongation factor G, chloroplast CA
26a P46259 T'ubulin alpha-1 chain CA
52b-c P17067 Carbonic anhydrase, chloroplast CA
Green juice (GI) versus chopped alfalfa (CA) Var/Vea
91 PO4991 Ribulose bisphosphate carboxylase large chain 8.1
l16¢ P04991 Ribulose bisphosphate carboxylase large chain 4.8
92 POYSS6 Small heat shock protein, chloroplast 3.1
16b P04991 Ribulose bisphosphate carboxylase large chain 8.5
95h 065194 Ribulose bisphosphate carboxylase small chain, chloroplast 34
19 2il23320705 Rubisco activase, chloroplast Gl
Paste (P) versus green juice (GJ) VelVay
19a £il23320705 Rubisco activase, chlroplast 13.5
66 2ill 1900204 Ribose-5-phosphate isomerase 7.6
72 2il22088389 Chlorophyll a-b binding protein 8, chloroplast +7.5
67 gil 7772114 Uncharacterised protein 6.4
59 rov3vy Catfeoyl-CoA O-methyltransferase 5.4
S54b P10933 Ferredoxin—-NADP reductase, leaf isozvme, chloroplast 4.4
Sda P10Y33 Ferredoxin—-NADP reductase, leaf isozyme, chloroplast 4.2
77 Q43187 Soluble inorganic pyrophosphatase +3.4
79 PY3255 Glycine cleavage system H protein, mitochondrial 6.5
80 gil 11900363 Thaumatin-like protein 214
16¢ P04991 Ribulose bisphosphate carboxylase large chain 18.4
16b PO4991 Ribulose bisphosphate carboxylase large chain 16.6
91 P0O4991 Ribulose bisphosphate carboxylase large chain 8.8
38b Q01516 Fructose-biphosphate aldolase 1.chloroplast 6.4
88 Q41651 Peptidyl-prolyl cis-trans isomerase, chloroplast 4.2
38c Q01516 Fructose-biphosphate aldolase 1,chloroplast 3l
90 2ill 1608582 Cytochrome B6-F complex iron-sulfur subunit, chloroplast 3
92 POY8E6 Small heat shock protein, chloroplast ER|
31 049939 Peptidyl-prolyl eis-trans isomerase, chloroplast 4.1

33 gil14882342 Sedoheptulose-1,7-biphosphatase, chloroplast P
62 2il14863689 Narbonin P

“Normalized protein spot volumes (V) (area muliiplied by stain intensity, calculated as the percentage of the total spot volume in the gel) were calculated for

each 2-DE gel and used for Student’s r-test analysis.
"Numbering corresponds to the 2-DE image in Figure 1.
“+or
bold, ratio exhibiting a P-value <0.005.

stressed or industrially processed plants. It also provides
reference data for breeding programs, for typing new varie-
ties and for monitoring cultivation routines o promote field
accumulation of specilic proleins.

To our knowledge, this work is the first systematic pro-
teomic analysis along a plant-scale process. We propose the
termol “industrial process proteomics™ for such an approach
that can exhaustively identify the protein content ol many
successive [ractions throughout a pilot or plant-scale process.
[tmight be helpful to process engineers aiming at optimizing
protein yields since it highlights potential problems such as

5. Only proteins identified in the reference map and having a P-value </0.01 and V ratio >3 are displayed.

indicate an increase or decrease. CA indicates that corresponding spotis absent in chopped alfalfa, GJ absentin green juice and P absentin paste. In

chemical modifications or proteolysis. Furthermore, it sug-
gests ways of improving the process without significant plant
re-engineering. For example, we have demonstrated that
many of alfalfa proteins are still under cellular control in the
carly stages of the process, for example, heat shock or redox-
stress proteins can be induced. Industrial process proteomics
also provides extensive lists of valuable bioproducts. The
knowledge on their availability and biochemical slates
throughout an existing process might facilitate decisions of
process simplification and related commercial decisions.
Since this approach is not limited to crops with extensively

INCAMPS ET AL.: PROTEOMICS OF ALFALFA DURING WET FRACTIONATION PROCESSING 457
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two-dimensional polyacrylamide gel electrophoresis. Proteomics 2(8):

960-968.
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known genomes it can be applied 10 a wide range of plant-
derived products. Because of its impact on both products and
processes, the approach presented here opens new prospects
in terms of plant biochemical engineering,
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Abstract This mini-review describes the concept of the
green biorefinery and lists a number of suitable agricultural
by-products, which can be used for production of bioen-
ergy and/or biochemicals. A process, in which one possible
agricultural by-product from the green crop drying in-
dustry, brown juice, is converted to a basic, universal fer-
mentation medium by lactic acid fermentation, is outlined.
The resulting all-round fermentation medium can be used
for the production of many useful fermentation products
when added a carbohydrate source, which could possibly
be another agricultural by-product. Two examples of such
products—polylactic acid and r-lysine—are given. A cost
calculation shows that this fermentation medium can be
produced at a very low cost =1.7 Euro cent/kg, when tak-
ing into account that the green crop industry has expenses
amounting to 270,000 Euro/year for disposal of the brown
juice. A newly built lysine factory in Esbjerg, Denmark,
can benefit from this process by buying alow price medium
for the fermentation process instead of more expensive
traditional fermentation liquids such as com steep liquor.

Introduction

Renewable resources also known as biomass are organic
materials of biological origin and are, by definition, sus-
tainable natural resources. Sustainable implies that the re-
source renews itself at such rate that it will be available for
use by future generations. Generally, renewable resources
arc classified as cither wastes or dedicated energy crops.
When a waste from one process can beutilized as feedstock
in another process, a more appropriate name is co-product/
by-product. The major virtue of waste materials is their
low cost. By definition, waste materials have little appar-
ent economic value and often can be acquired for little

M. H. Thomsen ([-])

Biosystems Department, Risoe National Labomtory,
Roskilde, Denmark

e-mail: mette.hedegaard.thomsen@risoe.dk

Tel.: +45-77-464223

Fax: +45-77-464122

more than the cost of transporting the material from their
point of origin to a processing plant. Increasing costs for
waste disposal and restrictions on land filling with certain
kind of wastes allow some wastes to be acquired at neg-
ative cost. Renewable resources can be converted into either
bioenergy or bio-based products.

The green biorefinery

A wide variety of organic chemicals like amino acids,
enzymes and antibiotics can be produced by fermentation.
Most microorganisms used in commercial fermentations
require six carbon sugars or disaccharides as substrates,
although the microbial world contains organisms that can
breakdown virtually any organic compound. This means
that in fermentation processes, complex raw materials can
beused, as opposed to chemical synthesis where fine chem-
icals are required. Biotechnology offers several other ad-
vantages compared to chemical synthesis, e.g. high product
specificity, low production temperature and low energy con-
sumption. As a result, fermentation is becoming increas-
ingly important in the production of commodity chemicals.

In the green biorefinery, jointly described by the Uni-
versity of Southern Denmark and AgroFerm, different
renewable resources can be converted by means of me-
chanical and biotechnological methods (e.g. fermentation)
into useful materials such as food and feed products and
additives, as well as fermentation medium to be used in the
production of organic chemical compounds, materials and
bioenergy. Common for the production of green pellets,
potato starch, comstarch and other agricultural products
are that during processing of the crops, a liquid stream
containing part of the crop nutrients is produced.

These liquids (plant juices) are in most countries used as
a fertiliser for crop plants, because they have a valuable
content of nutrients such as potassium and nitrogen. How-
ever, due to environmental problems involved in applying
excess nitrogen, which, if not taken up by plants in the
autumn and winter period, will eventually end up in the
ground water as nitrate, more and more restrictions have
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designed (Thomsen et al. 2004). The price of the acidified
brown juice medium was defermined from  investment
costs, interests and the fotal operating cost, which was
determined by simulation of the process in Super Pro
Designer (Fig. 1).

The acidification process

The acidification process should be simple, robust, cost
efficient, have low energy consumption and be run in the
green crop factory by personnel not educated in microbi-
ology. The hot (60-70°C) brown juice from the green crop
drying plant is at the first step cooled to_fermentation
temperature. Only the best quality of the juice is used in
the acidification process, that is, juice with a pH higher
that 5.5, whereas juice with a pH below 5.5 is returned
1o the pellet factory in a concentrated form. Fermentation
is performed in a 100 m* continuous stirred tank reactor
(CSTR) inoculated with a strain of L. salivarius and run
at high dilution rate (0.5-1.0) (Thomsen et al. 2004). The
acidified brown juice with pH between 4.0 and 4.5 is led
to a sedimentation tank, from where the supernatant is led
10 a storage/buffer tank before evaporation to 25% DM.
The sediment is led to a sediment buffer tank. The con-
centrated acidified brown juice is stored until transport to
the lysmm factory. Using this concept, it is possihlm o sup-
ply the lysine factory with stabilized high quality brown
juice all year round and produce about 50,000 tons of lig-
ed concentrate a year (Fig. 1) (Thomsen et al.

Cost evaluations

Following unit operations is used in the production of the
acidified brown juice medium: cooling tower, fermenta-
tion tank, sedimentation tank, buffer tank, evaporator and
a storage tank (Fig. 1). The total capital investment of
this simple process has been found to be approximately
10,000,000 DDK or 1,300,000 Euro (Thomsen 2004).
Price of cooling tower and evaporator was neglected b
cause these unit operations are already present at the gros
crop drying plant (and the capacity of this equipment is
sufficient to also be used in the acidification process).
It was assumed that the capital investment comes from
loan (annuity loan), and that the investment is written off
in a period of 10 years at an interest rate of 5% per year.
The annual costs of such a loan will be approximately
1,255,000 DDK or 170,000 Euro. The annual operating
costs is determined as cost of raw materials, power and
utilities, maintenance, operating supplies, insurance and
transportation of the brown juice to the fermentation fac-
tory. The cost of the brown juice was set to a negative value
of 2,000,000 DDK or approximately 270,000 Euro, be-
cause the green crop drying industry has expenses amount-

2005 (2/7 folytatas)

ing to approximately 20 DDK/m® fresh brown juice for
disposal. About 100,000 tons will be spread on the fields
every year, giving an annual expense of 2,000,000 DDK
a year. The remaining part of the brown juice will be re-
cyeled and evaporated in the production of green pellets.

The price of power and utiliies was determined by
simulali(m in Super Pro Designer and maintenance set as

fn of the fixed capital investment, operating supplies as

% of maintenance and insurance as 1% of the fixed
capnal investment. Transportation costs of the brown juice
of course depend on how far away from the green crop
drying plant the fermentation factory is situated, but in the
case of the L-lysine factory AgroFerm in Esbjerg, Den-
mark, transportation of the brown juice amounts to a cost
of 50 DDK/m* brown juice, that is, 500,000 DDK or
approximately 70,000 Ero a year (the distance is approx-
imately 80 km).

Summing it up, the price the L-lysine factory will have
to pay for the acidified brown juice medium (25% DM)
will be approximately 1,150,000 DDK or 156,000 Euro a
year (10,000 m’) or 1.7 ‘Furo cent’kg (Thomsen 2004).

Discussion

The actual price of the acidified brown juice medium
might be even lower because of the protein (value) added to
the green pellet production. It s assumed that the flow of
brown juice is halved after sedimentation. In reality, it will
be more because brown juice with a pH below 5.5 will be
led directly to a sediment buffer tank, where also the sed-
iment from the sedimentation tank is led. Afier evapora-
tion, the concentrated brown juice is used in the production
of fodder pellets. The estimated amount (by simulation) of
sediment led back to the production of fodder pellets is
approximately 10,000 tons DM/year. The sediment is rich
in precipitated protein and will increase the protein content
(and value) of the green pellets.

The price of the acidified brown juice medium can be
compared to corn steep liquor, which is also a waste prod-
uct (Agricultural by-products section, Table 1) often used
as fermentation medium. The price of corn steep liquor
(25% DM) in Denmark is 1.5 DDK/kg or 20 Euro cmlrkg
From this comparison, it is evident that converting the
fresh brown juice 1o a universal stable fermentation me-
dium by lactic acid fermentation is a feasible process. The
lysine factory benefits from this process by buying a low
price medium for the fermentation process instead of more
expensive traditionally fermentation liquids such as com
E liquor, and at the same time, pollution of the ground
water by this nutrient-rich liquid in the autumn period is
avoided.

Acknowledgements  Margrethe Andersen and Pauli Kicl (Agro-
Ferm) are acknowledged for their extensive research leading to the
development of this process and for input 1o this mini-review.
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KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG,
ME, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RU, 8C, 8D}, 8E, 3G, 8K, 8L, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

FEtats désignés (sauf indication contraire, pour tout fifre
de protection régionale disponible) © ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, 7ZM,
ZW), eurasien (AM, AZ, BY, KG, KZ, MD, RU, TT, TM),
ewropéen (AT, BE, BG, CH, CY, CZ, DI, DK, EL, 1S, I'T,
FR, GB, GR, HU, IE, I'T, LU, MC. - PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, Bl, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, 5N, TD, TG).

(84)

Déclaration en vertu de la régle 4.17 :
relative a la qualité d'inventeur (régle 4.17.iv)) pour US
seulement

Publiée :
sans rapport de recherche internationale, sera republiée
dés réception de ce rappart

En ce qui concerne les codes a deux lettres et autres abrévia-
tions, se référer aux “Notes explicatives relatives aux codes et
abréviations” figurant au début de chagque numéro ordinaire de

la Gazette du PCT.

(54) Title: METHOD OF USING SOLUBLE ALFALFA EXTRACT IN ORDER TO IMPROVE RUMINAL FERMENTATION

IN RUMINANTS

(54) Titre : UTILISATION D'EXTRAIT SOLUBLE DE LUZERNE POUR AMELIORER LES FERMENTATIONS RUMINALES

CHEZ LES RUMINANTS

(57) Abstract: The invention relates to a method of using soluble alfalfa extract which is obtained by pressing fresh alfalfa, in order
to improve ruminal fermentation in ruminants and, in particular, to reduce methanogenesis. The inventive method consists in adding
between 0.3 and 1 g of said soluble alfalfa extract to the ruminant’s feed ration per day and per kilogram ol animal live weight.

(57) Abrégé :

Utilisation d'extrait soluble de luzerne, obtenu par pressage de luzeme fraiche, pour améliorer les fermentations ru-

minales chez les ruminants, et en particulier réduire la méthanogénése, consistant a ajouter la ration alimentaire du raminant 0,3 a 1
2 par jour et par kilogramme de poids vif d'animal dudit extrait soluble de luzerne.
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REVENDICATIONS

1. Utilisation d'extrait soluble de luzerne, obtenu par pressage de
luzerne fraiche, pour améliorer les fermentations ruminales chez les
ruminants, et en particulier réduire la méthanogénése, caractérisée en ce
que I'on ajoute a la ration alimentaire du ruminant 0,3 & 1 g par jour et par
kilogramme de poids vif d’animat dudit extrait soluble de luzeme.

2. Utilisation selon la revendication 1 caractérisée en ce que l'on
ajoute a la ration alimentaire du ruminant 0,5 & 0,8 g par jour et par
kilogramme de poids vif d’animal dudit extrait soluble de luzerne.

3. Ulilisation selon I'une quelcongue des revendications précédentes
caractérisée en ce que l'exirait soluble de luzerne se présente sous la
forme d'une poudre ayant un taux d'humidité compris entre 3 et 10% en
poids, ledit exirait comprenant, en poids par rapport au poids de poudre
séche :

- 15 a 25% de protéines brutes,

- 10 a 30% de matiéres minérales,

- 0 a 2% de cellulose brute,

- 10 & 25% de sucres, et

- 5 & 20% d'acides organiques,

4. Utilisation selon la revendication 3 caractérisée en ce que I'extrait
soluble de luzerne comprend, en poids par rapport au poids de poudre
séche, 5 a 12% d'acide malique.

5. Utilisation selon I'une quelconque des revendications précédentes
caractérisée en ce que I'extrait soluble de luzerne est obtenu & partir de
luzerne fraiche selon un procédé comprenant les étapes suivantes :

(a) pressage a froid de la luzerne fraiche, ce qui fournit un jus vert et
un tourteau ;

(b) traitement du jus vert par alcalinisation & un pH voisin de 8,5, par
exemple a 'ammoniaque ;

(c) floculation des protéines du jus vert par traitement thermique, ce
qui fournit un précipité de protéines et un extrait soluble de luzerne ;

(d) centrifugation du mélange extrait soluble-protéines précipitées
jusqu’a obtention de I'extrait soluble de luzeme ;

WO 2005/000035 PCT/FR2004/050291

16

(e) séchage de I'extrait soluble de luzerne par atomisation, ce qui
fournit en exirait sec sous forme pulvérulente de couleur ocre.

8. Utilisation selon I'une quelconque des revendications précédentes,
caractérisée en ce que |'extrait soluble de luzerne est ajouté direciement a
la ration alimentaire.

7. Utilisation selon 'une quelcongque des revendications 1 & 6,
caractérisée en ce que I'extrait soluble de luzerne est ajouté & la ration
alimentaire par l'intermédiaire d’'un support, par exemple de la pulpe de
betterave déshydratée.
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2/9. sz. dokumentum: 2007 egyik kiemelkedd kozleményét a Németorszagban dolgozé Kamm
hazaspar jelenteti meg International biorefinery systems cimmel, a Pure Appl. Chem. 11.
szamaban. A 15 oldalas osszefoglalo, tovabba a szakirodalom felsorolasa jol mutatja be a

zold biofinomito koncepcio sziiletését az elsd évek (1998-20009 eseményeit is beleértve
(Kamm, Kamm, 2007)

Pure Appl. Chem., Vol. 79, No. 11, pp. 1983-1997, 2007.
doi:10.1351/pac200779111983
© 2007 IUPAC

International biorefinery systems*

Birgit Kamm'+ and Michael Kamm?t

"Research Institute Bioactive Polymer Systems e.V. and Brandenburg University of
Technology Cottbus, Kanistrasse 55, D-14513 Teltow, Germany; 2Biorefinery.de
GmbH, Stiftstrasse 2, D-14471 Potsdam, Germany

Abstract: The development of biorefineries represents the key for access to an integrated
production of food, feed, chemicals, materials, goods, and fuels of the future [1].
Biorefineries combine the necessary technologies of the biogenic raw materials with those of
intermediates and final products. The main focus is directed on the precursor carbohydrates,
lignins, oils, and proteins, and the combination between biotechnological and chemical con-
version of substances. Currently, the lignocellulosic feedstock (LCF) biorefinery, green
biorefinery, whole-crop biorefinery, and the so-called two-platform concept are favored in re-
search, development, and industrial implementation.

Keywords: biorefineries; biogenic raw materials; biobased industrial products; whole-crop
biorefinery; green biorefinery: lignocellulosic feedstock biorefinery; two-platform concept.

INTRODUCTION

Sustainable economical growth requires the safe resources of raw materials for industrial production.
Currently, the most frequently used industrial raw material, petroleum, is neither sustainable, because
of its limited supply, nor environmentally friendly. While the economy of energy can be based on var-
ious alternative raw materials, such as wind, sun, water, biomass, as well as nuclear fission and fusion,
the economy of substances fundamentally depends on biomass, in particular, biomass from plants.
Special requirements are placed on both the substantial converting industry as well as research and de-
velopment regarding the efficiency of raw materials and product lines as well as sustainability. “The de-
velopment of biorefineries represents the key for the access to an integrated production of food, feed,
chemicals, materials, goods, and fuels of the future™ [1].

Nature is a permanently renewing production chain for chemicals, materials, fuels, cosmetics, and
pharmaceuticals. Many of the currently used biobased industry products are results of a direct physical
or chemical treatment and processing of biomass, such as cellulose, starch, oil, protein, lignin, and ter-
pene. On one hand, one has to mention that due to the help of biotechnological processes and methods,
feedstock chemicals such as ethanol, butanol, aceton, lactic acid, and itaconic acid as well as amino
acids (e.g., glutaminic acid, lysine, and tryptophan) are produced. On the other hand, currently only 6
billion tons of the yearly produced biomass, 1.7-2.0 X 101! tons, are used. and only 3.0 to 3.5 % of this
amount is used in the non-food area, such as chemistry [2].

The basis reaction of the biomass is photosynthesis according to

nCO, + nH,0 = (CH,0), + nO,

*Pure Appl. Chem. 79, 1831-2100. An issue of reviews and research papers based on lectures presented at the 1% International
TUPAC Conference on Green—Sustainable Chemistry, held in Dresden, Germany, 10-15 September 2006.

fCorresponding author: E-mail: kamm @biopos.de

"E-mail: kamm@biorefinery.de
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Currently, four complex biorefinery systems are the focus in research and development:

1. the lignocellulosic feedstock (LCF) biorefinery, which uses “nature-dry” raw materials such as
cellulose-containing biomass and wastes;

2. the whole-crop biorefinery, which uses raw materials such as cereals or maize;

3, the green biorefinery, which uses “nature-wet” biomasses such as green grass, alfalfa, clover, or
immature cereal [7.9]: and

4. the two-platform concept, which includes the sugar and syngas platforms [14].

Green biorefineries

Often, the economy of bioprocesses is still a problem because in the case of bulk products, the price is
affected mainly by raw material costs [31]. The advantages of the green biorefinery are a high biomass
profit per hectare and a good coupling with agricultural production, whereas the price segment of the

© 2007 IUPAC, Pure and Applied Chemisltry 79, 1983-1997
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raw materials is still low. On one hand, simple basis technologies can be used and present a good
biotechnical and chemical potential for further conversions (Fig. 12). On the other hand, a fast primary
processing or the use of preservation methods such as silage or drying is necessary, both for the raw ma-
terials and the primary products. However, each preservation method changes the content materials.

Press Juice Proteins,
‘biochemical’ Soluble Sugars
f—l/ ‘biotechnol./physical
Green

e

cbg““‘ﬂ”ﬁa Feed, Fuels,

eneration i

Biomass Heat and Power Chemicals,

techn. Press (CHP), Polymers and
- EEroaen Materials

\J\ Press Cake
\l/ *hydrothermal’
‘enzymatic’
* thermal chemical’

Fig. 12 Green biorefinery system [16].

Cellulose
Lignocellulose

Green biorefineries are also multiproduct systems and act according to their refinery cuts, frac-
tions, and products in accordance with the physiology of the corresponding plant material, that is, main-
tenance and utilization of diversity of syntheses achieved by nature.

Green biomass is overriding green crops, for example, grass from cultivation of permanent grass
land, closure fields, nature preserves, or green crops such as lucerne, clover, and immature cereals from
extensive land cultivation. Thus, green crops represent a natural chemical factory and food plant.

Green crops are primarily used today as forage and a source of leafy vegetables. A process called
wet fractionation of green biomass, green crop fractionation, can be used for simultaneous manufac-
turing of both food and non-food items [32].

Scientists in several countries developed green crop fractionation in Europe and elsewhere
[33-35]. Green crop fractionation is now studied in about 80 countries [41]. Several hundreds of tem-
perate and tropical plant species have been investigated for green crop fractionation [35-37]. However,
more than 300 000 higher plants species are left for investigations. See reviews in refs.
[33.34,38-41.44].

Green biorefineries can, by fractionation of green plants, process from a few tonnes of green crops
per hour (farm-scale process) to more than 100 tonnes per hour (industrial-scale commercial process).

The careful wet fractionation technology is used as a first step (primary refinery) to isolate the
content substances in their natural form. Thus, the green crop goods (or humid organic waste goods) are
separated into a fiber-rich press cake (PC) and a nutrient-rich green juice (GlJ).

Besides cellulose and starch, the PC contains valuable dyes and pigments, crude drugs, and other
organics. The GJ contains proteins, free amino acids, organic acids, dyes, enzymes, hormones, other or-
ganic substances, and minerals. In particular, the application of the methods of biotechnology is pre-
destined for conversions, because the plant water can simultaneously be used for further treatments. In
addition, the lignin-cellulose composites are not so strong as LCF materials. Starting from GJ. the main
focus is directed to products such as lactic acid and corresponding derivatives, amino acids, ethanol, and
proteins. The PC can be used for production of green feed pellets, as raw material for production of
chemicals such as levulinic acid, as well as for conversion to syngas and hydrocarbons (synthetic bio-

© 2007 IUPAC, Pure and Applied Chemistry 79, 1983-1997
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2/10. sz. dokumentum: Még ebben az évben megjelenik K.J. Shinners et al., (2007) Harvest
fractionation of alfalfa c. munkaja. A technolégia célja, hogy szétvalassza a biolégiailag
értékesebb levél frakciot a szartol a zold betakaritas soran. (Shinners et al., 2007)

HARVEST FRACTIONATION OF ALFALFA

K. J. Shinners, M. E. Herzmann, B. N. Binversie, M. F. Digman

ABSTRACT. Fractionation of alfalfa leaves and stems at harvest could allow ruminant rations to be tailored for optimum
economic return or improve the viability of alfalfa as a biomass feedstock. Harvest fractionation was done by stripping the
leaves from the stem at the time of harvest using a tined rotor. The stripped fraction consisted of about 90% leaf tissue, and
94% of the available leaf dry matter (DM) vield was removed in the siripped fraction. The standing fraction was either cut
immediately after stripping or allowed to stand and regrow leaves for a period of 7 or 14 days. Leaf regrowth was evident
in three to five days, but leaf yield was much less than that at initial stripping. The particle size of the stripped fraction was
no different than chopped whole-plant alfaifa, so no further size reduction of the stripped fraction was needed before ensiling.
The density of the stripped fraction was 11% greater than that of the chopped whole-plant in a drop hammer density test. The
stripped fraction was successfully ensiled in mini-silos using ground corn grain as an amendment or formic acid as an
additive. After cutting and windrowing, the drying rate of the standing fraction (mainly stems) was greater than that of
whole-plant windrows of similar density. The standing fraction, consisting of 92% stems, dried to ensiling moisture typicaily
within about 4 to 6 h after stripping and cutting but in as short as 1.5 I under very good drying conditions. Therefore, a

single-day fractionated harvesting scheme is possible.

Keywords. Alfalfa, Biomass, Drying rate, Ensiling, Fractionation, Leaves, Lucerne.

e crude protein of alfalfa leaves is two to three times

that of the stem, while the crude fiber and lignin of

the stem is two to three times that of the leaves (Mo-

wat et al., 1965; Albrecht et al., 1987). Peak dry
matter (DM) yield of the leaves occurs early in the plant
growth cycle and slowly decreases due to leaf senescence and
abscission from the lower, shaded portions of the plant, while
stem yield continues to increase with time (Albrecht et al.,
1987). The digestibility of alfalfa stems decreases with matu-
rity due to increased cell-wall and lignin content, while leaf
digestibility changes little with maturity (Mowat et al., 1965;
Albrecht et al., 1987).

Alfalfa fractionation has been used to take advantage of
the variable value of the plant fractions. With dry fractiona-
tion, alfalfa is cut, allowed to field wilt, chopped or baled, and
then dehydrated in an off-farm processing facility (Mowat
and Wilton, 1984; Adapa et al., 2003). The leaf and stem frac-
tions are then separated by mechanical sieving and air separa-
tion, with the former used as an animal protein and the latter
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as fiber roughage for ruminants. Dry fractionation has several
drawbacks, including weather-related losses during wilting,
and high costs for equipment, fuel for dehydration, and trans-
portation.

With wet fractionation, plant juices are expressed from
freshly cut and macerated alfalfa. The juice fraction is about
half the crop weight and is processed to obtain high-protein,
low-fiber, value-added products. The dewatered fiber frac-
tion is ensiled as a ruminant animal feed, or it can be used as
a biomass feedstock (Koegel et al., 1998). Wet fractionation
has several advantages over the dry system, principally lower
field losses, greater weather independence, and greater po-
tential utilization of the end products. However, wet fraction-
ation has several drawbacks, including higher costs for
equipment and operation, and for transport or disposal of the
deproteinized juice.

A harvest fractionation system was developed that in-
volved stripping of leaves from stems. The stripped leaves
can be used as a high-protein feed preserved by direct ensil-
ing or processed into value-added products. The stem frac-
tion can serve as an on-farm roughage source or as biomass
feedstock. The stem can also be left standing to regrow leaves
before being harvested as an animal feed. Currence and Bu-
chele (1967) reported that alfalfa leaves regrew from stripped
stems within seven days. Harvest fractionation has the fol-
lowing advantages over either the dry or wet processes:
(1) the high-value leaf fraction is removed at harvest, so yield
is high and weather losses are low; (2) capital costs of frac-
tionation equipment are low: (3) only the desired fractions
need leave the farm, reducing transport costs; and (4) rumi-
nant rations can be tailored for optimum economic return.

Breeding efforts are underway fo develop biomass alfalfa va-
rieties with reduced population density, delayed harvest, and
fewer cuttings per growing season to maximize leaf and stem
yield (Lamb et al., 2006). Harvest fractionation could be used
to improve the viability of alfalfa as a biomass feedstock.
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Table 5. Dry matter loss and constituent analysis

for four alfalfa leaf silages stored in mini-silos.

Moisture (% w.b.)

Final Nutrient Composition (% of DM)

Fermentation Products (% of total DM)

Into Outof DM Loss Lactic Acetic Butyric Ammonia

Treatment Storage Storage (% of DM) CP ADF NDF Lignin Ash pH Acid Acid Acid  Ethanol Nlal
Control 784b  812d 17.2¢ 2156 263c¢  396b 63c¢ 124c 59b 00a 43¢ 62c¢ 16¢ 14301
Leaf/straw 622a 6420 10.81b 13.0a 448d 599c¢ 79d 90b 48a 16b 06a 3.6b 04D 32a
Leaf/corn 625a 633a 39a 209b  136a 23la 29a 6la 43a 39c L3ab 0.Da 06b 29a
Leaf/acid 7856  782¢ 16a 254¢  227b 36.1b 48b 95b 43a 55¢ 18b 0.0a 0.0a 23a
LsDIPI 0.5 0.8 32 3.7 3.2 9.2 12 11 Lo 1.7 1.0 L4 0.2 1.7
(P=0.05)

(3] Ammonia N as a fraction of CP.

[®] Statistical analysis was conducted using analysis of variance. Averages within columns followed by different letters are significantly different at the 95%

confidence level.

preservation excellent but also the volume of product to
achieve the desired moisture of the mixture would be reason-
able.

CONCLUSIONS

A tined rotor successfully fractionated alfalfa at harvest by
stripping the leaves from the stem. The stripped fraction con-
sisted of about 90% leaves (by dry mass), and 94% of the total
leaf DM yield was located in the stripped fraction. The stand-
ing fraction was 92% stem, and about 88% of the stem DM
yield was located in the standing fraction.

Leaves were allowed to regrow on the standing fraction
for 7 or 14 days. Leaf regrowth was evident in three to five
days, with much more leaf regrowth occurring in the 7 fo
14 day period. Leaf regrowth produced a 6% and 17% in-
crease in the total leaf DM harvested for the 7 and 14 day re-
growth periods, respectively.

The drying rate of the standing fraction after cutting and
windrowing was greater than that of a windrow of whole-
plant alfalfa of similar density. Stems typically dried to 65%
(w.b.) moisture in 4 to 6 h, but in as short as 1.5 h under very
good drying conditions. Therefore, a single-day harvesting
system could be possible.

Stripped leaves were directly ensiled successfully in mini-
silos using ground corn as an amendment (0.3 kg corn per kg
wet leaves fo attain a target moisture of 63% w.b.) or formic
acid as an additive (2.5 mL acid per kg wet leaves). The par-
ticle size of the stripped fraction was similar to that of
chopped whole-plant alfalfa, indicating that no further size
reduction of the stripped fraction would be needed before en-
siling. The density of the stripped fraction was 11% greater
than the chopped whole-plant in a drop hammer test.
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2/11. sz. dokumentum: Megjelenik az University of Nebraska-Lincoln kutatéinak Novel
Protein Fibers from Wheat Gluten c. kdzleménye (Reddy and Yang, 2007). A munka
érdekessége abban mérheto le, hogy korabban Henry Ford kutatéja, Boyer az USA-ban,
és Dorner Béla Ereky Karollyal mar 1938-ban eloallitottak novényi proteinszalat. 1912-

ben Rigler Gusztav professzor a buzasikérbél miitejet allitott elo.
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Protein fibers with mechanical properties similar to those of wool and better than those of soyprotein and zein
fibers have been produced from 100% wheat gluten. Wheat gluten 1s a low cost, abundantly available, and renewable
resource suitable for fiber production. A simple production method has been developed to obtain high-quality
wheat gluten fibers, and the structure and properties of the fibers have been studied. Wheat gluten fibers have
breaking tenacity of about 115 MPa, breaking elongation of 23%, and a Young’s modulus of 5 GPa, similar to
those of wool. Wheat gluten fibers have better tensile properties than soyprotein- and casein-based biomaterials.
In addition, the wheat gluten fibers have resistance similar to that of PLA fibers to water in weak alkaline and
slightly lower resistance in weak acidic conditions at high temperatures.

Introduction

This paper reports the first successful use of wheat gluten to
produce fibers with excellent mechanical properties and with
good stability to weak acids and weak alkalis at high temper-
atures. With a selling price of less than $0.50 per pound, and a
worldwide availability of 500 000 tons every year, wheat gluten
is a cheap, abundant, and renewable source for producing protein
fibers.!~? In addition, wheat gluten has good stability to water
and heat, excellent elasticity, and easy degradability, properties
that are desirable for fibers.*~* The annual world fiber market
1s about 67 million tons including about 2.3 million tons of the
two natural protein fibers, wool and silk.® Wool and silk have
selling prices of about $5—8 and $10—14 per pound, respec-
tively.® Therefore, fibrous applications provide an opportunity
for high value addition and also offer a large market for
consumption of wheat gluten.

Several reports are available on the production of natural
cellulose fibers from lignocellulosic agricultural byproducts in
an effort to add value to agricultural crops and to make the
fiber industry more sustainable in the long run.”~!'" Simularly,
attempts have also been made to use plant proteins such as
sovbeans, corn, and peanut and also milk proteins (casein) for
fiber production. Reports are available on the commercial scale
production of fibers from these sources during the 1930s and
194051271 The higher cost, use of relatively environmentally
unfriendly production processes, and inferior properties of the
regenerated protein fibers as compared to those of the regener-
ated cellulose and synthetic fibers led to the abandoning of
artificial protein fiber production. However, the increasing use
of cereal grains for biofuels and other industrial applications
has led to the abundant availability of zein. soyprotein. and also
wheat gluten as byproducts at low prices. Therefore, researchers
have more recently attempted to produce fibers from zein,
casein, and sovprotein and in addition from the blends of these
proteins.!*~ 1 Unfortunately, none of these attempts have been
commercially successful to produce 100% protein fibers mainly
due to the high cost and poor quality of the fibers

* To whom correspondence should be addressed. Phone: +001 402
4725197, Fax: +001 402 4720640. E-mail: yyang2@unl.edu.

* Department of Textiles. Clothing & Design

! Department of Biological Systems Engineering.

In addition to fibers, plant proteins including soyproteins and
zein and casein have been used for biomedical applications such
as temporary replacement implants, tissue engineering scaf-
folding, and drug delivery carriers.?® It is said that proteins are
ideal templates for biomaterials due to their ease of process-
ability, adhesion to various substrates, and surface active
properties. 2 However, sovprotein- and casein-based biomaterials
are reported to have poor mechanical properties and hydrolytic
stability 22! Similarly, polylactic acid (PLA)-based fibers used
for biomaterials have also been reported to have poor stability
in water and bulk erosion, resulting in reduced pH that could
affect the proteins in the body.?!

Although wheat gluten has previously not been used for fiber
production, 1t has been used to produce bioplastics especially
as films for food packing, as a binder for textile printing pastes,
and as nanofibers via the electro-spinning process.>#22725 The
major limitations of the wheat gluten films are their relatively
poor mechanical properties and higher cost as compared to those
of the synthetic polymer-based films * Using wheat gluten as a
binder 1s relatively expensive and also has limited market
potential

To the best of our knowledge. no reports are available on
the use of wheat gluten for biomedical applications similar to
the other protein-based matenials mentioned above. However,
wheat gluten fibers could be an interesting material for biomedi-
cal applications such as implants, sutures, scaffolds, and matrices
for drug delivery and could overcome the deficiencies of
biomaterials produced from zein. soyprotein, casein, and also
PLA fibers.6™2° Also, wheat gluten fibers have resistance
similar to that of PLA fibers to water in weak alkaline and
slightly lower resistance in weak acidic conditions at high
temperatures

In this paper, we discuss the method of producing 100%
wheat gluten fibers. the effect of various production variables
on the properties of the fibers, and the structure and properties
of the fibers developed. The structure and properties of the fibers
have been compared to the most common natural protein fiber,
wool, and also to proten fibers produced from 100% zein and
soyproteins.
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2/12. sz. dokumentum: 2007-ben jelenik meg Mark Mc Caslin és David Miller munkaja The
future of alfalfa as a biofuel feedstock c. publikacidja. (Casli and Miiller, 2007). Caslin a Forage
Genetics International elnoke, Miller az Alfalfa Research, Pioneer HiBred International
igazgatoja. A vezetd USA szakértok kovetkeztetése a kovetkezd: ,,The current DOE/USDA
goals for biomass production supporting cellulosic ethanol production will require a variety of
crop species and cropping systems that are regionally adapted. There will be clear benefits for
a perennial legume in many of these cropping systems, and alfalfa is ideally suited for this use.
Recent technological breakthroughs in harvesting technology and lignin modification
further enhance the potential of alfalfa as a key biofuel feedstock. A sustainable production
system for bioenergy crops will need to make sense from both an economic and environmental
standpoint. Alfalfa has the potential to deliver on both fronts.” A Fari et al., féle 2002-es
magyar szabadalmi bejelentés utdkor altal megitélhetd jelentOségét ezek a megallapitasok
tamasztjak ala. A hianyos nemzetkozi innovacios tapasztalat, és reputacio-nélkiiliség miatt
a magyar kezdeményezés a sziirke irodalom része; a téma sulypontja atkeriil az USA-ba.

THE FUTURE OF ALFALFA AS A BIOFUELS FEEDSTOCK

Mark McCaslin and David Miller’

THE CASE FOR BIOFUELS

Global energy demand is increasing and World Petrolem Consumption by Region
known global petroleum supplies are
decreasing. In 2005 the U.S. consumed N America

20.8M barrels/day of petroleum, 60% of
which was supplied by o1l imports.
Almost half of the imported o1l comes Europe

Asia

- H 2030

from parts of the world where an unstable ) o 2004

B R . S/C America
political environment increases future
supply risk. Alternative sources of liquid Africa
fuel will be 1fequ11ed to provide U.S. o 10 20 20 0 50
enel.g} security and to protect _ Daily Consumption (Millions of barrels/day)
environmental quality and economic Source: EIA 2004, 2007

vitality.

Biofuels have been heralded as a renewable, cost effective

A Billion Tons of Biomass alternative to petroleum-based liquid fuels. Although a corn-
based ethanol industry has grown very rapidly in the U.S.,
most expert see the need for the development of a cellulosic-
based biofuels industry to meet the current the Federal
biofuels mandate for displacing 30% of petroleum
consumption by 2030. In 2005 the U.S. Department of
Energy (DOE) and USDA concluded that a billion tons of
biomass would be needed to produce the required alternative
fuels. In what is now commonly called the “Billion Ton
Report”, a detailed plan called for 377M tons (55M acres) of
perennial dedicated energy crop production to support the
billion ton goal (Perlack el.al. 2005)

DOE 2005

The Bush Administration recently outlined a portfolio of recommended technologies and pro-
cesses for the production of biofuels, focusing on improved efficiency of feedstock conversion
The plan also states that a significant portion of the nation’s 2017 energy supply, especially
transportation fuel, will come from conversion of biomass feedstock to liquid fuels. The current
food vs. fuel debate also holds promise for the future of ligno- cellulose energy crops. The 2007
Energy Bill includes specific incentives for cellulosic ethanol production

! Mark McCaslin, President, Forage Genetics International. P.Q. Box 415, Prior Lake. MN 55372: Email
mcceaslin@foragegenetics.com. David Miller, Director of Alfalfa Research, Pioneer HiBred International. W8131 Hwy 60,
Arlington, WI 5391. Email david j.miller@pioneer.com In: Proceedings, 37% California Alfalfa & Forage Symposium,
Monterey, CA. 17-19 December. 2007. UC Cooperative Extension. Agronomy Research and Information Center, Plant Sciences
Department, One Shields Ave.. University of California, Davis 95616. (See http://alfalfa.ucdavis.edu for this and other
proceedings).
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compared to standard alfalfa types. New transgenes conferring increased drought tolerance,
increased biomass and improved protein quality are also being evaluated and will also likely
have applications for both dairy and biofuels uses.

SUMMARY

The current DOE/USDA goals for biomass production supporting cellulosic ethanol productior
will require a variety of crop species and cropping systems that are regionally adapted. There
will be clear benefits for a perennial legume in many of these cropping systems, and alfalfa is
ideally suited for this use. Recent technological breakthroughs in harvesting technology and
lignin modification further enhance the potential of alfalfa as a key biofuel feedstock. A
sustainable production system for bioenergy crops will need to make sense from both an
economic and environmental standpoint. Alfalfa has the potential to deliver on both fronts.
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2/13. sz. dokumentum: Stephen Sinclair Protein extraction from pasture c. haromrészes
munkaja az évtized egyik legfontosabb munkaja ezen a teriileten. Az els6 kotetben ezt irja:
,,consequently a feasibility study has been commissioned to provide, within a defined scope
and limitations, an indication of the market development options for the bioprocess products
(LPC, DPJ and ‘pressed crop fibre’l), the likely cost structures and returns (profitability) for
an integrated protein extraction and farming system enterprise, and the socio-environmental
implications of pastoral industry participation and adoption within a New Zealand agri-sector
context. This literature review component of the feasibility study provides important source
material in regard to the technical status of the protein-extraction process, relevant crop
fractionation literature, and the possible integration of pastoral farming systems and the bio-
process plant in the supply of raw ‘green crop’ material and subsequent by-product
utilisation.” (Sinclair, 2009). E munka jelentésége abban nyilvanul meg, hogy az
eddigieknél részletesebben targyalja a zold fehérjefinomité koncepcio kitorési pontjait a
nagyon alapos szakirodalomra és gazdasagi szamitasokra timaszkodva. A Proteomill
projekt gazdasagi elemzése fentiek alapjan csak ilyen mélységii tudomanyos munka
alapjan végezheté el. A hivatkozasok kozott R.M. Mc Donald kézleményeire kiilon felhivjuk
a figyelmet. O az az idés wj-zéland-i kutaté, aki az un. sustainable protein production
témakorben a ,high-yield protein production technology” egyik legnagyobb szakmai
elkotelezettje napjainkban is.

Protein extraction from pasture

Literature Review Part A: The plant fractionation bio-process and
adaptability to farming systems
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2. Introduction

The fractionation of green herbage has been based on the utilisation of green forages
(e.g. grasses and legumes) as a source of high yielding food protein, using
fractionating technologies to separate protein enriched juice from the cellulosic
material and so ultimately provide a useful protein source for monogastric animal
production and use for human food (Jones, 1977). In this regard, considered ‘excess’
leaf protein production to grazing ruminant animal requirements is thus utilised
efficiently as an important non-animal protein source (refer Ostrowski, 1976; Pirie,
1986), and could potentially increase the protein production efficiency on pasture (as
total nitrogen conversion into high nitrogen value products) fourfold within a theoretical
New Zealand dairy system context (Ostrowski, 1976). The conventional technological
extraction process essentially involves pulping and pressing of the raw material forage
o express (extract) both green juice and presscake (pressed crop residue). The juice
extract is then heat-coagulated with protein curd recovery as leaf protein concentrate
(LPC), with additional process by-products being protein extracted fibre, and
deproteinised juice (DPJ). This basic process has been refined and used since the
1940's (refer Dumont and Boyee, 1976; Jones, 1977; Pirie, 1986), and has progressed
from conventional animal dietary protein usage and by-product feeding, to pre-
treatment for further alternative biomass processing applications and multi-purpose
fractionation uses including fibre pulp processing, chemical and solvent production,
human nutrition, bioremediation and biofuels (e.qg. refer Pirie, 1986; Theander, 1988;
Fowler et al_, 2003). An overview of the green crop bio-process and product options
illustrating the variability in potential biomass utilisation is provided in Figure 1 (Section
2.1.2).

Within the New Zealand primary industry sector, preliminary studies into the potential
for increasing the efficiency of protein recovery from pastures and the application of
protein extraction procedures were detailed by Ostrowski (1976). The protein
extraction system (or bio-process refining) used for production of LPC and by-products
within New Zealand, using lucemne as the forage substrate, has already been
described by McDonald et al. (1981) with a current bio-process procedure detailed in
Section 3. Further multi-purpose fractionated product uses have also been
investigated in regard to the potential for ethanaol (biofuel) production (Vaughan et al_,
1984) and high value products derived from high yield protein extraction of lucerne
(McDonald et al_, 1985a). The establishment of a commercial protein fractionation
plant in New Zealand in the 1980's based on lucerne crop forage has been detailed

previously, both in bio-process design and practical application, with preference for

Report prepared for MAF_SFF and PGgRc January 2009
Lit. Rev. A The plant fractionation bio-process and adaptability to farming systems 4
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2/14. sz. dokumentum: Kozreadjak a SCIENTIFIC OPINION on the safety of ‘Alfalfa protein
concentrate’ as food, Scientific Opinion of the Panel on Dietetic Products, Nutrition and
Allergies, (Question No EFSA-Q-2008-031) Adopted on 13 March 2009 c. dokumentumot.
(EFSA Journal, 2009). A 19 oldalas tanulmanyban o6sszefoglaljak pro és kontra az LPC
human taplalkozasi értékérdl és lehetséges kockazatarol ismert 27 munkat. A panel
osszefoglalO megallpitasa lényegretord, és nagyon fontos: ,, 7he Pane/ concludes that
APC as a food supplement is safe for human consumption under the specified
conditions of use.” Ennak a masfél sornak oriasi jelentosége van: igazolja Ereky 1925
ota allitott tételeit, majd Pirie munkassagat és masokét. Megnyilt ezzel egy olyan teriilet
a Proteomill projekt kutato szamara, amely gazdasagos termelési potencial esetén a
magyar LPC szamara is kujutast jelenthet a vilagpiacra.

~ efsam

European Food Safety Authority The EFSA Journal (2009) 997, 1-19

SCIENTIFIC OPINION
Opinion on the safety of ‘Alfalfa protein concentrate’ as food'
Scientific Opinion of the Panel on Dietetic Products, Nutrition and Allergies
(Question No EFSA-Q-2008-031)

Adopted on 13 March 2009

PANEL MEMBERS

Jean-Louis Bresson, Albert Flynn, Marina Heinonen, Karin Hulshof, Hannu Korhonen, Pagona
Lagiou. Martinus Levik, Rosangela Marchelli, Ambroise Martin. Bevan Moseley. Hildegard
Przyrembel, Seppo Salminen, John (Sean) J Strain, Stephan Strobel. Inge Tetens, Henk van den
Berg, Hendrik van Loveren and Hans Verhagen.

SUMMARY

Following a request from the European Commission, the Panel on Dietetic Products, Nutrition
and Allergies was asked to deliver a scientific opinion on the safety of ‘Alfalfa protein
concentrate’ as food.

The novel food ingredient, alfalfa protein concentrate (APC). consists of a complex of protein
(45-60 %). minerals (Ca, Fe, Mg), and vitamins (A, D, E, K). APC is extracted from lucerne
(Medicago sativa spp. sativa) also known as alfalfa.  Alfalfa is processed to first provide a
press juice from which the proteins associated with carotenoid and chlorophyll pigments are
separated by heat treatment and centrifugation and thereafter dried at sufficiently low
temperature. The final product is granulated after adding ascorbic acid (600 mg/kg) and stored
in inert gas or in cold storage. Alfalfa protein concentrate is currently marketed as animal feed.
The applicant proposes the use of APC as a food supplement with a recommended consumption
of 10 g per day.

Alfalfa. the source of the protein concentrate. and parts of the plant (seeds. sprouts) have been
used for human consumption in the European Community. Thus. alfalfa is a food ingredient
that is not considered as a novel food. Alfalfa protein concentrate (dose 10 g/day) has been
tested for its nutritional value in several clinical trials carried out in some countries (e.g. Peru.
India and Congo). The alfalfa protein concentrate has been used since 1992 as a food
supplement to combat malnutrition in several non-EU countries in the world with no reported
deleterious effects.

The main concerns of the Members States were the presence of coumestrol, L-canavanine, and
B-carotene in APC and the potential allergenicity of the product.

! For citation pusposes: Scientific Opinion of the Panel on Dietetic Products Nutrition and Allergies on a request from the
European Commission on the safety of “Alfalfa protein concentrate' as food. The EFSA4 Journal (2009) 997, 1-19.

© European Food Safety Authority, 2009
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the L-canavanine concentration of APC (4.3 mg/kg) is very low compared to other common
food sources such as lentil flour (2800 mg/kg) and onions (10 000 mg/kg). Moreover, alfalfa
protein concenfrate did not lead to anti-DNAy, antibody production (a SLE marker) in a mouse
study designed for lupus. The Panel concludes that the L-canavanine content of APC is of no
concern.

A daily dose of 10 g of APC can provide up to 7.2 mg B-carotene. There may be a very small
difference between the levels that may confer health benefits (up to 10 mg/d. mainly from
natural sources) and those that may produce adverse effects in smokers in the general
population (20 mg/day) (SCF 2000).

An in vive study showed ingestion of APC to cause slight allergic manifestations in mice
sensitised to peanuts. Data are lacking on cross-reactivity with peanut using IgE binding. skin
prick testing, or double blind placebo controlled FC approaches. The Panel concludes that the
risk of cross-reactivity in subjects allergic to peanuts cannot be excluded.

The Panel notes that there are no sub-chronic, chronic, reproduction and developmental
toxicological data available on APC. The Panel concludes that other toxicological data
concerning levels and effects of anti-nutrients and secondary metabolites (in particular
L-canavanine and phytoestrogens) in APC, the information regarding nutritional effects in
animal and human studies. and the history of use as a food supplement without reported
adverse effects is supportive concerning the safety of APC.

CONCLUSIONS
The Panel concludes that APC as a food supplement is safe for human consumption under the
specified conditions of use.

DOCUMENTATION PROVIDED TO EFSA

1. Application under Regulation (EC) N° 258/97 concerning novel foods and novel food
ingredients concerning ‘Two Leaf extracts from Lucerne' as food (Viridis S.A.).

2. Initial assessment report carried out by France: Initial assessment report relating to a
request for an assessment on the use of two leaf extracts of Lucerne as novel food
ingredients under EC Regulation 258/97.

Member States’ comuments.

(8]

4. Dossier Aliment nouveau: Concentré protéique de luzerne (Réponse aux questions posées
en avril 2004 par les autorités européennes)
Novel Food dossier: Alfalfa protein concentrate (Answers to questions submitted in April
2004 by the European authorities).

REFERENCES

AFSSA (Agence francgaise de sécurité sanitaire des aliments ), 2005. Sécurité et bénéfices des
phyto-estrogenes apportés par 1'alimentation - reconunandations.

Alcocer-Varela J. Inglesias A, Llorente L and Alarcon-Segovia D. 1985. Effects of L-
canavanine on T cells may explain the induction of systemic lupus erythematosus by alfalfa.
Arthr. Rheum. 28, 52-57.

Bashir M E. Louie S, Shi H N and Nagler-Anderson C. 2004. Toll-like receptor 4 signalling by
intestinal microbes influences susceptibility to food allergy. .J. Immunol. 172: 6978-6987.

The EFSA Journal (2009) 997, 17-19

109



2009 (2/14 folytatas)

: - efsa . . .
.‘,,Agfs?: Safety of *Alfalfa protein concentrate’ as food - Safety of *Alfalfa protein concentrate” as food
Boker L K, Van der Schouw Y T, De Kleijn M J, Jacques P F, Grobbee D E and Peeters P H, g:“le(')’: are specifically unresponsive to L-c ine. Clin. I L pathol. . 55:

2002. Intake of dietary phytoestrogens by Dutch women. J. Nutr. 132: 1319-1328.

Brennan F M. Andrew E M. Williams D G and Maini R N. 1998. Anti-nRNP anti-nuclear
antibody secrefing cells are reprented in hte B-lymphocyte repertoire of normal and
MRL/MP-1pr/lpr lupus mice. Immunol. 63: 213-217

EFSA (European Food Safety Authority). 2009a. Request from the European Commission to
review the existing scientific information on the possible link between the ingestion of p-
carotene and cancer enhancement in heavy smokers and to provide an upper safe level for p-
carotene for this category of the population.
<http://registerofquestions.efsa.europa.ewrogFrontend/questionsListLoader?panel=ALL >

EFSA (European Food Safety Aurthority). 2009b. Self-tasking mandate on hazard
characterisation of use of dietary isoflavones and isolated isoflavones from soy or red clover
in food supplements
http://registerofquestions.efsa.enropa.ewrogFrontend/questionsListLoader?panel=ALL

Fenwick D E, and Oakenfull D, 1983, Saponin content of food plants and some prepared foods.
J. Sci. Food Agric. 34:186.

Guéguen L and Pointillart A. 2000. The bioavailability of dietary calcium. J. Am. Coll. Nun-.,
19 (2 Suppl): 1195-1365.

JECFA (Joint FAO/WHO Expert Committee on Food Additives. 2006a). Safety evaluation of
certain food additives prepared by the Sixty-third meeting of the Joint FAO/WHO Expert
Committee on Food Additives (JECFA) Lutein from Tagefes erecta L. WHO Food
Additives Series 54, page 49-86. http://www.fao.org/ag/agn/jecfa-
additives/specs/monograph3/additive-255.pdf

Jensen LB. Pedersen MH, Skov PS. Poulsen LK, Bindslev-Jensen C, Andersen SB., Torp
AM.(2008). Peanut cross-reacting allergens in seeds and sprouts of a range of legumes. Clin
Exp Allergy. 2008 Dec:38(12):1969-77.

Kurtzer M S. and Xu X, 1997. Dietary phytoestrogens. 4Ann. Rev. Nutr, 17: 353-381

Le Marchand L. Hankin J H. Bach F. Kolonel L N. Wilkens L R. Stagewicks-Sapuntzakis M.
Bowen P E. Beecher G R. Laudon F, Baqué P, Daniel R. Seruvaiu L, Henderson B E (1995).
An ecological study on the dier and lung cancer in the South Pacific. fnr. J. Cancer 63: 18-
23.

Li X M. Serebrisky D. Lee S Y. Huang C K. Bardina L. Schofield B H. Stanley J S. Burks A
W. Bannon G A, and Sapson H A, 2000. A murine model of peanut anaphylaxis: T- and B-
cell responses to a major peanut allergen mimic human responses. J. Allergy Clin. Immmol.
106: 150-158.

Lifrani A, Dubarry M. Rautureau M. Aattouri N, Boyaka P N, and Tome D. 2005. Peanui-
lupine antibody cross-reactivity is not associated to cross-allergenicity in peanut-sensitized
mouse strains. fnr. Immunopharmacol., 5: 1427-1435.

Lindner H R. 1976. Occurence of anabolic agents in plants and their importance. Emviron.
Qual. Saf. Suppl., 5:151-158.

Malinow M R. McLaughlin P. Stafford C. Livingston A L. Kohler G O. 1980. Alfalfa saponins
and alfalfa seeds. Dietary effects in cholesterol-fed rabbits. Atherosclerosis 37: 433-438.

Morimoto I, Shiozawa S, Tanaka Y and Fujita T, 1990. L-canavanine acts on suppressor-
inducer T cells to regulate antibody synthesis: lymphocytes of systemic lupus erythematosus

The EFSA Journal (2009) 997, 18-19

110

NHANES III (1994). Third National Health and Nutrition Examination Survey Public-Use
Data Files. <http://www.cdc.gov/nchs/products/elec_prods/subject/nhanes3.htm>

Satoh M. Richards H B. Shaheen V M. Yoshida H. Shaw M. Naim J O, Wooley P H and
Reeves W H. 2000. Widespread susceptibility among inbred mouse strains to the induction
of lupus autoantibodies by pristane. Clin. Exp. Imnumnol.. 121: 399-405.

SCF (Scientific Committee on Food ). 2000 Opinion of the Scientific Committee on Food on
the safety of use of beta carotene from all dietary sources.

Zava D T, Dollbaum C M and Blen M, 1998. Estrogen and progestrin bioactivity of foods,
herbs, and spices. Proc. Soc. Exp. Biol. Med., 217: 369-378.

The EFSA Journal (2009) 997, 19-19




2014

2/15. sz. dokumentum: Eugeniusz Ryszard Grela, (University of Life Sciences, Lublin)
lengyel professzor és munkatarsa, K. Pietrzak kivalo kozleménye keriil reflektorfénybe,
Production Technology, Chemical Composition and Use of Alfalfa Protein-Xanthophyll
Concentrate as Dietary Supplement cimmel. A kdvetkez6 nagyon fontos kutatasi eredményeket
irjak: ,,Modern analyses over the last several decades have shown that alfalfa is an extremely
nutrient-rich food source, containing vitamins, minerals and antioxidants. The aim of the study
was evaluation of the chemical composition of protein-xanthophyll concentrate from alfalfa
(APC) manufactured in France in 2009-2012. Protein-xanthophyll concentrate from alfalfa
(APC) was rich in crude protein (534 g kg-1 DM), linolenic acid (41.7 g kg-1 DM) and
minerals, especially calcium (32.9 g kg-1 DM) and iron (497.0 mg kg-1 DM). Furthermore
APC is characterized by low level of crude fiber (5.9 g kg-1 DM) and small amount of L-
canavanine (3.2 mg kg-1 DM). APC may be an important supplement to human diet, because
of it required amino acid composition, increased level of linolenic acid w-3 and high mineral
content. The levels of antinutritional compounds do not exceed the acceptable daily limits so
the preparation seems to be safe for human health.” Majd ezt irjak: ,,Alfalfa contains relatively
high quantities of lipophilic vitamins A, D and E (being natural antioxidants) exceeding body
demands as well as B-group vitamins and even vitamin K and carotenes which are vitamin A
precursors [33]. These vitamins are lost during processing, which has been confirmed in our
study (Table 5). The analyzed concentrate was a valuable source of vitamin E and K and of -
carotene.”(Grela and Pietrzak, 2014). A Proteomill programban Grela professzor
kozleményét kiemelt figyelemmel kell kisérni: vajon a magyar MWC-technologia és a
francia Désialis-féle APC technolégia kémiai 6szzetétele, bioaktiv anyag tartalma miben
térhet el, harom év atlagaban?
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“Aming acide APC (mean + 5D) a valuable source of vitamin E and K and of f-carotene. Their average
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ith thit reported in

bean oil and kinseed odl [36].
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2/16. sz. dokumentum: Grela professzor €és munkatarsai egy masik kozleményt is
megjelentettek 2014-ben, Quality assessment of eggs from laying hens fed a mixture with
lucerne protein concentrate cimmel (Grela et al, 2014). Megallapitjak a kovetkez6t: ,,It was
hypothesized that the addition of LPC to diets would improve the physicochemical, lipid and
redox parameters of eggs. ”... "Diets of hens from groups D-1 and D-2 were supplemented with
1.5% and 3.0% of LPC, respectively, instead of soyabean meal.” Majd a igy folytatjak:,,The
1.5% and 3.0% additions of LPC increased the colour intensity of egg yolk, but at the same
time, induced lipid peroxidation processes in it. The possible latter effect should be taken into
account when intending to increase yolk colouration via LPC dietary supplementation. Our
results show that addition of 1.5% LPC can be recommended in feed for laying hens.”. (Grela
et al. 2014). A lengyel kutaték eredményeit érdemes alaposan figyelembe venni a
Proteomill projekt baromfi takarmanyozasi kisérleteiben, tekintettel arra, hogy itt nem a
francia APC, hanem a magyar MWC technologia eredményezi az LPC-t.

Journal of Animal and Feed Sciences, 23, 2014, 236-243
The Kielanowski Institute of Animal Physiology and Nutrition, PAS, Jabfonna

Quality assessment of eggs from laying hens fed a mixture
with lucerne protein concentrate

E.R. Grela'?, K. Ognik? A. Czech? and J. Matras'

University of Life Sciences in Lublin, ' Institute of Animal Nutrition and Bromatology,
2Department of Biochemistry and Toxicology
Akademicka 13, 20-950 Lublin

KEY WORDS: lucerne, protein concentrate,
fatty acids, redox, eggs, laying hens

ABSTRACT. The aim of this study, carried out on ISA Brown laying hens, was
to determine the effect of dietary luceme protein concentrate (LPC) on egg
quality. The birds were allocated to three experimental groups, 30 birds each.
The control group (C) was fed a standard feed mixture without the experimental
additive. Diets of hens from groups D-1 and D-2 were supplemented with 1.5%
and 3.0% of LPC, respectively, instead of soyabean meal. In the laying period,
40 eggs from each group were collected twice (week 33 and 53 of rearing) for
evaluation of selected quality fraits: specific weight of egg, eggshell colour,
eggshell resistance, eggshell weight, egg yolk weight, egg yolk colour, thick
albumen height, albumen quality, eggshell thickness, eggshell compactness
(density), meat spots and blocd spots. Egg yolks were analysed for contents
of fat, total cholesterol and fatty acid composition, as well as for parameters of
redox status (superoxide dismutase, catalase, hydrogen peroxides, malondial-
dehyde). The 1.5% and 3.0% additions of LPC increased the colour intensity of
egg yolk, but at the same time, induced lipid peroxidation processes in it. The
possible latter effect should be taken into account when intending to increase
yolk colouration via LPC dietary supplementation. Our results show that addi-
tion of 1.5% LPC can be recommended in feed for laying hens.
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an egg are important economic factors affecting the
fotal inputs of poultry projects. Many studies have

Introduction

Growing interest among consumers has been
observed in recent years regarding the quality of
products of animal origin. including eggs. An egg
covers about 13.3% of an adult’s and nearly 25% of
a child’s daily requirements for protein. Its high bio-
logical value has to be stressed as well. Eggs con-
stitute a valuable component of the human diet be-
cause, in addition to protein, they contain nutrients
that are essential for vital functions. i.e. lipids, vita-
mins and minerals. The size, colour and weight of

shown that egg composition. its nutritive value.
and physicochemical properties result from the co-
effects of various factors including: breed of hens,
rearing conditions. storage process and culinary
treatment of eggs, as well as type of feed mixture
used, including feed additives (Bologa et al.. 2013).
Customers with quality demands have compelled
producers to focus on qualitative and quantitative
features of eggs to obtain high level profits. It has
become necessary to search for new local feedstuff
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2/17. sz. dokumentum: Ebben az évben a dan Aalborg Egyetem és az Biotest APS cég harom
kutatdja nyujt be kozos tulajdont eljaras szabadalmat, A method of providing functional
proteins from a plant material cimmel. A bejelentés kivonata a kovetkezd: ,,The present
invention relates to the provision of leaf protein concentrate and food grade soluble functional
proteins and possibly other high value products and fibres from a green plant material. The
method further provides for the possibility obtaining fermentation products as biogas and
finally fertilizer. The soluble functional protein product may be used in food and/or in
pharmaceutical products.”. Médszeriiket a kdvetkezOképpen kozlik: ,,In a first aspect of the
present invention relates to a method for providing a chlorophyll concentrate and at least one
soluble functional protein said method comprises the steps of: pressing a green plant material,
obtaining a press cake and a green juice subjecting said green juice to UHT
Sterilization/pasteurization and obtaining a sterilized green juice, subjecting the
sterilized/pasteurized green juice to separation and obtaining a chlorophyll concentrate and a
clear juice, recovering at least one soluble functional protein from the clear juice.” (Kiel et
al.,2015). A szerzok utalnak arra, hogy az igy keletkez6 savod, barnalé fermentalasra alkalmas,
az alabbiak szerint: ,,.Such fermentation process may an alcohol, amino acid, organic acid,
enzyme or methane fermentation”. A Proteomill projekt szempontjabol a Kiel et al., féle
szabadalom értékes kozlés. Daniaban azodta ezt az eljaras orszagos programba emelték be.
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AMENDED CLAIMS
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1. A method for providing a chlorophyll concentrate and/or at least one soluble

0]
(i)
(iit)

functional protein said method comprises the steps of:

pressing a green plant material,

obtaining a press cake and a green juice

subjecting said green juice to UHT Sterilization/pasteurization
and obtaining a sterilized/pasteurized green juice,

subjecting the sterilized/pasteurized green juice to separation |,
preferably by centrifugation and obtaining a chlorophyll
concentrate and a clear juice,

recovering at least one soluble functional protein, preferably by
centrifugation from the clear juice and a brown juice

2. A method for providing a leaf protein feed concentrate said method comprises

the steps of:
(i)
(ii)
(iii)

(Iv)

(v)

pressing a green plant material,

obtaining a press cake and a green juice

optionally subjecting said green juice to UHT
Sterilization/pasteurization and obtaining a sterilized/
pasteurized green juice

subject the green juice or the sterilized/ pasteurized green juice
to lactic acid fermentation followed by separation,

obtaining a leaf protein feed concentrate and a brown juice.

3. The method according to claim 1 or 2, wherein said plant material comprises a

protein content in the range from 0.1 to 6% (w/w).

4. The method according to any one of the preceding claims, wherein said plant
material is selected from the group consisting of alfalfa, clover, grass, beet,

30 chicory, Jerusalem artichoke, sugar cane, carrot, radish, roadside crops and

35

combinations hereof.

5. The method according to claim 2, wherein the method further comprises a step
of fermentation of the brown juice and obtaining a fermentation product and a

fermentation effluent.
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6. The method according to any one of the preceding claims, wherein the green

juice has protein content in the range of 0.1 to 15% (w/w)

5 7.The method according to any one of the preceding claims, wherein the

separation is performed by centrifugation at 2-10. 000x g.

8. The method according to claim 1, wherein the clear juice has a protein content
in the range from 0.5 to 10% (w/w).

10
9_ A leaf protein feed concentrate obtainable by the method according according

to any one of claims 2-8.

10. Use of the leaf protein feed concentrate according to claim 9 as feed additive

15 in feed mixtures.

11.The method according to claim 2, further comprising a step wherein the leaf
protein feed concentrate is dried and obtaining a-dry.protein - feed-comprising

living pro-biotic lactic acid bacteria.

20

12. A Soluble functional protein obtainable by the method according to any one of
claims 1, 3-8 and 10. '

13. Use of the soluble functional protein according to claim 12, as a feed
25 ingredient, as a pharmaceutical ingredient, a cosmetic ingredient and/or as a

vegetable protein.

14. Use of the leaf protein feed concentrate according to claim 2-12 as an animal
feed additive.

30

15. Use of the brown juice and/or the chlorophyll concentrate and/or the leaf
protein feed concentrate according to claim 1-11 as source of phytochemicals in
pharmaceutical and cosmetic ingredients, for further isolation of phytochemicals,
or for use as fermentation medium.

35
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2/18. sz. dokumentum: Krzysztof Pietrzak, Eugeniusz R. Grela lengyel kutatok Effect of
alfalfa protein concentrate (APC) supplementation to fattener diets on performance, carcass
traits and meat quality cimi kozleménye jelenik meg. Megallapitjak a kovetkezot: ,,In
conclusion, APC application improved production effects, yet it contributed only to a small
extent to changes of meat color and texture. Content of bioactive compounds, mainly saponins,
had the potential to beneficially affect lipid metabolism and caused low cholesterol levels and
favorable fatty acid profile in the tissues under study. This effect was most clearly observable
in response to 3.0% APC supplementation to pig diets, however its continuous supply increased
liver and kidneys weight. Higher weight of the organs may be a manifestation of physical effect
of some APC compounds on organism, therefore the 3.0% dietary additive to fatteners diet is
recommended to be used intermittently” (Pietrzak and Grela, 2016). Ugy véljiik, hogy Grela
professzorék ezen munkajat a Proteomill projekt sertés takarmanyozasi kisérleteiben
kivaléan lehet hasznositani. Az APC ebben a tanulmanyban is a francia Désialis cég
lucerna LPC terméke.

Ann. Anim. Sci., Vol. 16, No. 3 (2016) 811-823 DOI: 10.1515/aoas-2016-0002

] DE GRUYTER
OPEN

G

EFFECT OF ALFALFA PROTEIN CONCENTRATE (APC)
SUPPLEMENTATION TO FATTENER DIETS ON PERFORMANCE,
CARCASS TRAITS AND MEAT QUALITY*

Kizysztof Pietrzak, Eugeniusz R. Grela*

Institute of Animal Nutrition and Bromatology. University of Life Sciences in Lublin, Akademicka 13.
20-950 Lublin, Poland
*Corresponding author: ergrela@interia.pl

Abstract

The aim of the study was to estimate the effects of different levels of alfalfa protein concentrate
(APC) supplementation on pig performance, carcass value and meat quality. The experiment was
conducted on 50 crossbred pigs (PL * PLW) x Duroc of 29.0+0.5 kg initial bedy weight, which
were divided into four treatment groups. Control (C) group was fed standard mixtures, groups
E15 and E30 were fed with 1.5% or 3.0% APC additive, respectively. In group E30P the animals
received feed including 3.0% APC for 14 days, followed by 14 treatment-free days. The produc-
tion results were based on AGD, FCR, FI. Some slaughter traits and carcass value were measured.
Determinations were carried out for physicochemical properties of fresh and thermally treated
m. longissimus. The tissue samples (backfat, m. longissimus, liver, heart) were collected to analyze
the fatty acid profile and cholesterol content. The recorded ADG was by 4.8% higher and FCR by
4.3% lower in E30P group as compared to control. The loin eye area was larger than in group C
by 7.0% and by 8.3% in groups E30 and E30P, respectively. Carcass meatiness was also higher in
groups E30 and E30P as compared to control, by 5.0% and 5.6%, respectively. The higher (P<0.05)
TPA parameters (hardness, chewiness and gumminess), as compared to control, was characteristic
of the meat from animals receiving 3.0% APC. The lowest cholesterol content in the tissue samples
(backfat, m. longissimus, liver) was recorded in group E30 (1.01, 0.51, 3.19 mg/g, respectively).
Better fatty acid composition in backfat and m. longissimus was observed after 3.0% APC intro-
duction into fatteners diet.

Key words: APC, lucerne, pig, carcass, meat quality

In swine production, apart from high animal performance (meatiness, ADG and
FCR), the emphasis 1s put on pork quality (Rossi et al., 2013) which depends on
genetic background m 30% and m 70% on environmental factors (Karpiesiuk and

* The paper supported by the project No. 12 0005 06 from the National Center of Research and
Development
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Effect of APC on fattener meat

822 K Pien=zak and E.R. Grela

lower AT and TT values and higher hypocholesterolemic/Hypercholesterolem
(l/H) ratio i backfat are most desirable regarding consumer health (Razma
Svirmickas, 2012).

In conclusion, APC application improved production effects, yet it conts
only to a small extent to changes of meat color and texture. Content of bic
compounds, mainly saponins, had the potential to beneficially affect lipid 1x
lism and caused low cholesterol levels and favorable fatty acid profile in the
under study. This effect was most clearly observable in response to 3.0% AP
plementation to pig diets, however its continuous supply increased liver and k
weight. Higher weight of the organs may be a manifestation of physical ef
some APC compounds on orgamsm, therefore the 3.0% dietary additive to fa
diet is recommended to be used intermittently.
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2/19. sz. dokumentum: 2017-ben Daniaban két nagyon fontos dsszefoglalo dokumentumot
tettek kozé az egyetemeken folyod zold fehérje biofinomitd kutatasokrol. A DCA Report 073
kédjelt tanulmany a dan biofinomité kutatasok egyik legfontosabb, két egyetem, az Aarhus
University és az University of Copenhagen k6z6s munkdjanak 0sszefoglalo kdleménye, a DCA
Report 093 (Aalborg University) mellett. Mindkét munkat a Proteomill program
résztvevoinek a figyelmébe ajanlhatjuk. Bemutatasra Keriil a vilag egyik legfejlettebb
allattenyésztését magaénak tudoé Kkis orszag nemzeti stratégiaja. Megismerhetd, hogy
miért és hogyan akarja Dania a gyakorlatba is bevezethetd zold fehérje biofinomito
technolégiat. Am nemcsak a projekt szereplok, hanem a hazai szakma legfelsé
iranyitéinak, dontéshozoinak, tovabba innovacioban érintett hazai agrar-nagyvallalatok
szakembereinek is ajanlhatjuk.

GREEN BIOMASS

DA REPORT N D73 - FEBRUARY 2016
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Experiences in relation to commercialization of protein products from green

biomass

As appears from the above there is a huge Danish market for proteins, and the production of protein
isolate from grass and legumes is not a new idea. The process has been known for more than a century
and the possibility of extracting nutritious protein from green biomasses and using it as a supplement
for human nutrition or animal feed has been suggested several times (cf. e.g. Houseman & Connell,
1976 and Pirie NW, 1987). However, in spite of several initiatives, an actual commercialization has
never occurred. This may be due to the fact that globalization, inexpensive transportation, trade
agreements and a focus on high grain yields in the EU have made the present soya import practice a
more favourable solution. However, various reasons suggest (all mentioned previously in the present

report) that a more sustainable alternative to soya imports exists.

Regarding commercial production of protein isolate from green biomass only one active producer is
known to the authors. The French feed producer Désialis, who mainly sells alfalfa hay, also has a niche
production of protein isolate from alfalfa, which is primarily used in feeds for egg layers and pets. Ac-
cording to Désialis the concentrate has a high protein content (>50 %) and it is rich in vitamins, iron
and omega-3 fatty acids. In many ways Désialis’s production and marketing illustrates the opportuni-
ties of an actual commercialization of protein isolate from green biomasses

(http: //www.desialis.com/en/our-products/cae-concentrated-alfalfa-extract). Cf. Ecker et al. (2012)

and Houseman & Connell (1976).
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Conclusions and focus areas

Several stakeholders have expressed an interest in replacing the considerable import of proteins with
protein produced in Denmark; the interest is partly motivated by climate considerations and concern
over the negative environmental impacts which import of proteins entail in the producing countries. .
Several research projects focus on finding new sources of green protein sources which can be produced
in Denmark with a low environmental impact. However, a number of challenges remain to be over-
come before green proteins are able to replace South American soya. The major challenge is related to
technological developments within bio refining of biomasses of different origin to high-protein feeds
optimized for monogastrics and ruminants, respectively. Provided that this technology is developed it
is expected that the production of protein from new sources can be optimized, also in relation to envi-
ronment and climate. The extent of this potential new protein production will depend on the develop-
ment of new production systems, the extent to which new protein sources will replace or supplement
existing sources, and, last but not least, the price and quality of the protein product compared to exist-
ing protein sources. The agricultural industry and feed producers are subject to global competition,
and in addition to regulation and consumer demands, price is an important determinant of which type
of protein feed that is used in animal production. It has been established that there is a potential for
developing and producing high-value products from green biomass, but only few examples of commer-

cialization of such products exist.

So far, grass production has been optimized towards the production of feed for cattle, but there is a
potential in developing cultivation systems and grass types optimized for biomass production. The
protein content of grasses is significantly lower than that of clover, but at yield rates of more than 20
tonnes of dry matter per ha, as harvested for festulolium in research trials, even a moderate improve-
ment of the protein content will entail a considerable effect on total protein yield. Conversion of tradi-
tional annual crop rotations to perennial crops, or optimization of annual cultivation systems using
e.g. double cropping, may also lead to significant reductions in environmental impacts. Further verifi-
cation of the environmental effects following a conversion from grain rotation to the production of
grass for bio refining purposes is however required. In addition to this, there is a need for increased
knowledge in relation to optimizing protein composition and availability of feeds, anti-nutritional fac-
tors ete.. Finally, new promising processing tools (precision processing) may be used in the processing

of grasses for bio refining purposes.

The present nitrogen regulation does not provide an incentive for farmers to adopt cultivation practic-
es that support full realization of the environmental potential of green biomass. Similarly regulatory
requirements limiting the conversion intervals for grass to a maximum of five years may also consti-
tute a barrier for optimizing grass production. Considering the challenges regarding the aquatic envi-

ronment and the climate goals, it is important to ensure that bio economy initiatives are designed in
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conjunction with other policies affecting agricultural land use. The analyses presented in the report
suggest that an optimized production of biomass may contribute to the attainment of several im-
portant environmental goals. However, the analyses also indicate that the choice of cultivation system
has an important bearing on the actual end-effects, and that a significant geographical variation exists
in relation to environmental impact. It is thus of major importance to consider these aspects in the

design of regulatory instruments.

Research shows that the Netherlands has devoted significant efforts into the development of a bio
economy. Accordingly it may be advantageous for Denmark to engage in cooperation with relevant
Dutch partners. For instance, the Netherlands has experience in the development and testing of decen-
tralized plants; experiences that Denmark may learn from in order to achieve practice-oriented experi-

ences within logistics, processes and product development.

Both the Netherlands and Denmark are highly developed agricultural and food producing countries
and both countries encourage the development of a sustainable bio economy. The Dutch government
and Dutch industry have both acted as driving forces in relation to the promotion of bio economy, and
it may be relevant for the Danish government as well as Danish companies to exchange experiences

with their Dutch counterparts.
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2/20. sz. dokumentum: Fontos szabadalmi bejelentés tortént 2017 juliusaban. A Ripple
Food PBC a kovetkezé kivonatott jelentette be harom feltalalé statusszal: ,,Provided are
food products that are derived from non-animal sources that have one or more of the following:
color, taste, nutritional content, and other qualities similar to those o f dairy products and/or
other types of food products. Also provided are processes for production of such dairy-like food
products and/or other types of food product analogs” A széles spetrumban lefedett tartalom
alapvetéen borsofehérjébol indul ki, és tej-analogot allit el6. A szaz oldalas bejelentés nagy
nemzetkozi publicitast is kapott. A ,tejtermék analog” megfogalmazas a kovetkezoket
takarja: ,,The term "analogous dairy product” as used herein refers to a food product that is
mimicked by a daily product analog and for which the dairy product analog may serve as a
substitute. Examples of analogous dairy products include, but are not limited to, milk (e.g.,
whole dairy milk, dairy milk comprising 2% by weight of fat [2% milk], dairy milk comprising
1% by weight of fat [1% milk], dairy milk not comprising fat [skim milk], dairy milk comprising
supplemented calcium [calcium-fortified milk]), creme fraiche, clotted dairy milk, single
cream, double cream, whipping cream, cultured dairy milk, Kefir, powdered dairy milk,
condensed dairy milk, Khoa, evaporated dairy milk, Ricotta, infant formulas, baked milk,
butter, buttermilk, Ghee, Smen, anhydrous milkfat, cheese, curds, Paneer, whey, cottage cheese,
quark, cream cheese, Fromage frais, yoghurt, Ayran, Lassi, Leben, clabber, gelato, ice cream,
ice milk, frozen custard, frozen yoghurt, Villi, Kajmak, Filmjoelk, Piima, Via, Dulce de leche,
Skyr, and Junket.” (Kitzer et al., Ripple Food, 2017). Kiilonosen a 34-35. oldalon talalhato 2.
tablazat érdekes. Itt a borso fehérjéhez tizenkét egyéb komponens adagolasat ismerteti. 0 0165.
bekezdés leirja a borsofehérje extrahalas modszerét. Megjegyzés: Rigler Gusztav professzor
1912-es sikérbél kiindulé ,,miitej” szabadalma ennek fényében igen figyelemremélto.
Feltétlen fontos lenne a Proteomill projekt érintett szakembereinek a tej-analég kutatasok
meginditasa.

we 217120597 A1 |l
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WO 2017/120597 PCT/US2017/012747

‘What is claimed is:

I. A method for obtaining a yield of refined protein component from a non-animal natural

and/or modified non-animal natural source comprising the steps of:

a) obtamimng a protein preparation from the non-animal natural or modified non-animal natural
source;

b) washing the protein preparation ata wash pH;

¢) extracting the protein preparation at an extraction pH to obtain an aqueous protein solution;

d) separating the aqueous protem solution from non-aqueous components;

e) adding salt:

f) precipitating the protein from the aqueous protem solution at a precipitation pH to obtain a protein
precipitate;

g) separating the protein precipitate from non-precipitated components; and

h) washing the protein precipitate to obtamn the refined protein component at the substantial yield.

2. The method of Claim 1, wherein the non-animal natural or modified non-animal natural

source is a plant.
3. The method of Claim 1, wherein the plant is a legume.

4. The method of Claum 1, wheremn the legume is pea.

5. The method of Claim 1, wheremn the wash pH is between about 3 and about 5.
6. The method of Claim 1. wherein the extraction pH is between about 8§ and about 9.
7. The method of Claim 1. wherein the salt added 1s calcium dichloride at a concentration of

between about 50 miM and about [00 mM.

8. The method of Claim 1. wherein the precipitation pH is between about 5 and about 6.

9. The method of Claim 1, wherein the method further comprises the step of adding between

about 0.05% and about 12% by weight of polysaccharide to the aqueous protem solution.

10. The method of Claim 1, wherein the yield is between about 50% and about 90%.
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WO 2017/120597 PCT/US2017/012747

1L A refined protem component, wherein the refined protein component is obtained from a non-
animal natural and/or modified non-animal natural source by a method of one or more of the Claims 1

to 10.

12. The refined protein component of Claim | 1. wherem the refined protemn component is a paste
comprising between about 4% and about 25% by weight of protein, between about 0.1% and about

1.5% by weight of calcium, and between about 50% and about 90% by weight of water.

13. The refined protein component of Claim 11, wherein the refined protein component is a dry
powder comprising between about 70% and about 90% by weight of protein, and between about 2%

and about 7% by weight of calcium.

4. The refined protein component of Claim 11 wherein the refined protein component has a
relative emulsion activity of between about 0.1 and about 2 relative to the emulsion activity of bovine

serum albumin.

1s. The refined protein component of Claim 11, wherein the refined protemn component
comprises at least about 80% of protein bands on a denaturing protein gel with a molecular weight of

less than 200 kDa.

16. The refined protein component of one or more of Claims 1to 15, wherein the refined protein

component is color-neutral .

17. The refined protein component of one or more of Claims 1to 15, wherein the refined protein

component is not color-neutral.
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2/21. sz. dokumentum: 2017-ben Danianam két nagyon fontos osszefoglald dokumentumot
tettek koz¢ az egyetemeken folyd zold fehérje biofinomitd kutatdsokrol. A DCA Report 073
kédjelt tanulmany a dan biofinomitd kutatasok egyik legfontosabb, két egyetem, az Aarhus
University és az University of Copenhagen k6z6s munkajanak 0sszefoglald kéleménye, a DCA
Report 093 (Aalborg University) mellett. Mindkét munkat a Proteomill program
résztvevoinek a figyelmébe ajanlhatjuk. Bemutatasra Keriil a vilag egyik legfejlettebb
allattenyésztését magaénak tudoé Kkis orszag nemzeti stratégiaja. Megismerhetd, hogy
miért és hogyan akarja Dania a gyakorlatba is bevezethetd zold fehérje biofinomito
technolégiat. Am nemcsak a projekt szereplok, hanem a hazai szakma legfelsé
iranyitéinak, dontéshozoinak, tovabba innovacioban érintett hazai agrar-nagyvallalatok
szakembereinek is ajanlhatjuk.
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10. Ongoing commercial, research and development activities

Tabel 18 gives an overview of recent and current activities within biorefining of grass and legumes

and table 19 lists Danish research competences within the field of green biomass refining.

Tabel 18. Overview of recent and current activities within biorefining of grass and legumes.

Company/ Organi-  Country Focus area Status
sation
GRASSA (company) NL Development of mobile biorefinery units producing  Ongoing development, partner in
protein paste. Including recovery of phasphorous BioValue innovation project
from the residual juice
BioPos (research insti- GE Fermenting juice from silage grass for lactic acid Ongoing development
tute) production.
IBERS (University) UK Using high sugar grasses for fermentation into Ongoing development
chemical building blocks
INNOFEED (Private- Fi Investigates options to use ensiled grass for bio- Research project started 2015 running to
public) refining into a variety of inventive feed products 2018
htt we.ibcfinland fi/projects/biorefini
ng-ensiled-grass-inta-i/
BioValue SPIR (Pri- DK Optimizing sustainable production, separation and  http://biovalue.dk/projects/projec
vate-public) conversion of biormass, hereunder green biomass. t-2/
Specific projecton Products from green bio- Qngoing with 16 partners
mass [proteln, storable fibers, inorganic
elements)
DLF (Company] DK Plant breeding for specific qualities of grass and Commercial equipment [current activity:
clover BioValue partner)
Hamlet Protein DK Fermentation, conversion and separation of pro- Commercial equipment (current activity:
(Company) tein-rich feedstock into Safe Proteins or Animal BioValue partner)
pany feed (reduced anti nutritional factors) P
KMC (Coempany) DK Physical separation and precipitation of praducts  Commercial equipment (current activity:
from potato processing. Testing if green biormass Biovailue partnar)
pracessing could compliment the potato cam-
paign.
DLG/ DK Primary production of feedstock and agricultural

Sejet Plantbreed-
ing/

DANGR@NT Products
ASS

supplies/plant breeding/ processing grass and
alfalfa etc. into green hay and pellets

57

Commercial grass drying equipment

(current activity: BioValue partner)
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Arla Foods (Com-

pany)

SEGES (Advisory

service)

GreenField Interna-
tional ApS (Compa-
ny)

NybroTerrer

[(Company)

Dacofi Helding ApS
(Company)

Lihme Protein Solu-

tions ApS

OrganoFinery

DK

DK

DK

DK

DK

DK
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Primary production of milk, focusing on finding
dlternative protein sources for a more sustainable
dairy production

Participating in research activities, developing web
based model for handling cost, logistics and stor-
age of biomass

Developing protein drink from soluble grass protein

Growing, harvesting and processing grass and
alfalfa into green hay and pellets. Participated in
large scale production of grass-clover pulp for
dairy cow feeding trial

Testing new press techniques for separation of
green biornass into liquids and solids

Protein extraction, separation and refinement
technologies in the green bicrefinery

From green crops to proteins, biogas and fertilizer,
organic protein extraction using lactic acid fer-
rnentation, test of different grasses and legumes,
feed trials In poultry

Commercial scale biorefinery production

upgrading all side streams from dairy
products [current activity: BioValue part-

ner)

Ongoing modeling work. Building new

advisory competences on green biorefin-

ery

Ongoing BioValue Innovation project

Ongoing BioValue Innovation project

Ongeing BioValue Innnovation project

Ongoing BioValue Innovation project

http://icrofs.di/en/research/danish-

research/organic-rdd-2/oregancfinery,/

(ongoing with 8 partners)

Table 79, List of Universities profects with competences or facilities in green bio-refinery.

Focus areas (beyond green bio-

ref)

Equipment

Aalborg University Academic | Development of processes for Pig gut simulation for testing prebiotic effects
Institution | Biomass conversion for produc- | of oligosaccharides; fermentation bioreactors
tion of animal feed, bioenergy,
biochemicals, biomaterials,
healthy feed and food ingredi-
ents
Aarhus University Academic | Value added products, bio- Green biorefinery for production of protein
Institution | energy, lipids, biogas, biogas enrched animal feed from green clo-
upgradation, protein refining, ver/grass, Facilities for tests of green biomass
Synergy in biorefining, biomass production and environmental impact relat-
production. ed hereto and facilities to animal nutrition
experiment
Danish Technical Uni- | Academic | Development of processes for Pretreatment pilot plant; Upscaled fermenta-
versity Institution | Biornass conversion, product tion bioreactors
separation and product devel-
opment; for production of bioen-

58
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ergy, biochemicals, biomaterials,
healthy feed and foed ingredi-

ents

Roskilde University Academic | Characterization of enzyme

Institution | performance; design of cellulytic

enzymes

University of Copenha- | Acadermic | Optimisation of biomass, plant Facilities for high throughput amino acid

gen Institution | breeding and growth (soll, nutri- | analysis based on microwave assisted protein
ents), biomass supply, biomass acid hydrolysis for screening of protein quality

characterisation, pretreatrment,
hydrolysis and fermentation.
Biofuels, Proteins and biochemi-
cals Protein from green biomass -
variation in yield and quality

among grass genotypes

University of Southern | Academic | Development of industrial extrac- | www.sdu.dlk
Denmark Institution | tion and separation processes for
high value secondary metabo-
litess, fertlizers, proteins and bio-

fuels, pilot scale biogas reactars

Danish Technological Independ- | Biomass and Biorefinery, pre- Up-scaling facilities for pretreatment, storage
Institute (DTI) ent R&D treatment, enzymatic hydrolysis, | stability and biomass conversion product
institute fermentation, biomass analyses | development

and chemical characterization, Pilot plant being constructed for e.g. protein
logistics, pilot scale equipment extraction from sugar beet leafs

for biorefinery, biomolecule ex-
traction, animal feed production,

and solid biofuel.
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11. Conclusion

Producing proteins from green biomass at a commercial level for feed involves many factors from the
production of the most relevant green biomass in relation to yield, quality, costs and environmental
impact, the logistics, the refining process, the incorporation in feed mixtures and the implementation in
the feeding at farm level. While a vast amount of knowledge exists or is In progress on these issues,
also at all steps there is lack of knowledge to evaluate with a high certainty the overall economic and

environmental consequences in case this technology is to be implemented.

First and foremost there is need for the bio-refining process to run at a commercial scale to obtain bet-
ter knowledge on resource use and efficiency in the process which to a high degree will determine the
profitability. There i1s a need to figure out the practical possibilities of using the protein paste as input in
wet-feeding systemns for pigs, since this will influence energy demands in the process to a high degree.
Likewise there is a need to investigate how best to utilize the high moisture residual juice for energy
recovery in biogas production to counteract the energy use at the factory level. Another major uncer-
tainty lies in the way the green biomass Is treated from being cut and to amval at the bio-refinery
plant. At the fresh stage the proteins in the green biomass are intact but degradation starts right after
cutting. From a logistics point of view, costs will be significantly reduced if the biomass can be pre-
dried at the field, but the consequences of this in relation to obtaining intact proteins in the bio-refining

process needs to be illuminated in much more detail.

As regards biomass supply in relation to environmental impact there is a need better to understand
how long lasting grass or grass-clover fields can be established and maintained without losing nitrate
and carbon. Likewise, there 1s a need to explore the potential of using cover crops as feedstock supply
and - related to that - the environmental impact of new types of cover crops and management prac-

tises.

Finally, there is a need to explore the possibilities of extracting other valuable components from the
green biomass, upgrade proteins for human consumption and/ or upgrade fibre for higher value

products in order to improve the overall profitability of the bio-refining process.
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2/22. sz. dokumentum: Franciaorszagban a Luzerne Recherche et Development (SAS),
Complexe Agricole du Mont Bernard (Chalons en Champagne) szabadalmat nyujt be (WO
2017/187109 Al) Hidrolysat de proteines de luzerne, son procede d’obtention et son utilisation
cimmel. A kivonat a kovetkez6: ,,The invention relates to an alfalfa protein hydrolysate, a
method for the preparation thereof, and the use of the hydrolysate as food ingredient, as a
cosmetic ingredient and as an agro-based material” A bekjelentés nyolc db, korabbi
szabadalmomra hivatkozik: Clover multi-target combined production extraction separation
method; Process for the treatment and decoloration of protein solutions containing pigments
from the groups haemo and chlorophyl, and products obtained, method for obtaining an alfalfa
protein extract and reusable co-products; Process for preparing microbial stable protein
suspension; Plastein synthesis with a-chymotrypsin immobilised on chitin; Extracting active
ingredient and polypeptide from Medicago sativa involves slicing and pre-treating fresh
Medicago sativa, crushing pre-treated Medicago sativa to obtain slurry, which is added with
cellulase enzyme to obtain digested slurry; Development of a pilot process for the production
of alfalfa peptide isolate; Continuous enzymatic solubilization of alfafa proteins in an
ultrafiltration reactor. A francia szabadalmi bejelentés érékét az adja, hogy nagyobb
hozzaadott értékii termékek egész sorat lehet eléallitani, mind a lucerna frakcionalt zold
levébdl, mind pedig az LPC-bél kiindulva. A Proteomill projekt kutatoéinak kiilonosen
ajanlhato e szabadalmom és az el6zmények figyelemmel kisérése.
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HYDROLYSAT DE PROTEINES DE LUZERNE, SON PROCEDE D'OBTENTION ET SON UTILISATION

La présente invention concerne un hydrolysat de protéines de luzerne, un procéde pour
sa préparation et lutilisation de I'hydrolysat comme ingrédient alimentaire, comme

ingrédient cosmétique et comme agro-matériau.

Les protéines sont, avec les glucides et les lipides, F'une des trois grandes familles de
macronutriments. |l existe un trés grand nombre d'acides aminés différents mais
seulement vingt sont utilisés par l'organisme des vertebrés pour la fabrication des
protéines {acides aminés dits « protéogénes »). Parmi ces 20 acides aminés, 12 peuvent
étre fabriqués par fe corps humain et les 8 autres sont dits essentiels car 'organisme est
incapable de les synthétiser. Ces acides aminés doivent par conséquent étre apportés par

I'alimentation.

La composition en acides aminés des protéines est prise en compte pour évaluer la
qualité protéique de notre alimentation. La qualité des sources alimentaires de protéines
est presque exclusivement définie par leurs capacités 4 couvrir les besoins en protéines

et en acides aminés essentiels.

Les protéines animales, majoritaires dans lalimentation des pays industrialisés,
proviennent notamment du lait, de 'ceuf, des poissons et de la viande. Les ressources
disponibles pour produire ces protéines animales, qu'll s'agisse de viande, de produits
laitiers ou de poisson, ne sont pas infinies.

Actuellement, de l'ordre de 70% des protéines végétales produites sont utilisées pour
produire des protéines animales avec un rendement moyen particuliérement médiocre,
puisqu’il faut entre 4 kg et 15 kg de protéines végétales pour produire 1kg de protéines

animales suivant le type d'animal considéré.

Les protéines végétales représentent donc une des sources alternatives aux protéines
animales dans [alimentation humaine. A l'heure actuelle, les sources de proteines

d'origine végétales sont essentiellement le soja, les céréales et les légumineuses.

Une diversification et un enrichissement de Foffre actuelle en protéines végétales,

monopolisée principalement par le soja, s’avére donc essentiels.

Si les protéines végétales ont la réputation d'étre "incomplétes” car déficientes en l'un ou
lautre des acides aminés essentiels, ce n'est pas le cas des protéines de luzerne
(Medigaco sativa) qui sont composées de tous les acides aminés essentiels (tryptophane,
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2/23. sz. dokumentum: Az Aarhus University (Dania) hat kutatdja kozleményt jelentet meg,
Crude protein yield and theoretical extractable true protein of potential biorefinery feedstocks
cimmel (Solati et al., 2018). Kozlik az alabbiakat: ,,The results of this study can be utilized for
supporting an economic and sustainable biorefinery process where protein can be
manufactured and utilized as a valuable product early on during the processing of biomass into
energy and other bio-based materials. CP yield of pure fertilized grasses was superior to both
annual crops in optimized rotations and traditional systems. Festulolium and tall fescue
consistently showed significantly higher neutral ETP than all other crops. Total yield of CP for
pure grasses was 2595-3693 kg ha—1 in 2013 and 2995-3251 kg ha—1 in 2014 of which 1001—
1640 kg CP ha—1 in 2013 and 1025-1377 kg CP ha—1 in 2014 were neutral extractable. If
fraction B3 can be extracted, 499-618 kg more of the CP in 2013 and 667-1023 kg in 2014
could be extracated per hectare in pure grasses. In 2013, both unfertilized grass-legume
mixtures showed similar annual neutral ETP (kg ha—1) to those of reed canary and cocksfoot,
whilst in 2014, the SLU grass-legume mixture had similar neutral ETP to those of all pure
grasses. On a mass basis, on average 34-46% of CP in pure grasses and 48% of CP in grass-
legume mixtures were neutral extractable. 14-35% more of CP can be recovered in pure
grasses and grass-legume mixtures in case fraction B3 can be extracted. Half of the CP in maize
and wheat grain, 36% of CP in beet leaves and almost 70% of CP in winter and spring barley
were neutral ETP.” (Solati et al., 2018). A Proteomill projekt tudomanyos munkaiban a
Solati-féle 2018-as kozlés referencia pont.

Contents lists available at Scien

Industrial Crops & Products

journal homepage: www.elsevie

Crude protein yield and theoretical extractable true protein of potential 1))
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in the present study (Table 5). Pakarinen et al. (2011) reported protein
content of 105 and 73 gkg~! DM in maize and hemp, respectively,
which was similar for hemp and slightly higher for maize in the present
study.

4.2. Theoretical extractable true protein

The high protein content of a certain crop may not provide a clear
perspective of its protein production capability in biorefinery due to
lack of knowledge on the solubility, or in other words, extractability of
the protein. This is where fractionation of protein into different solu-
bilities is useful for estimation of ETP amount. Accordingly, con-
centration of individual protein fractions in different types of biomass
may be useful for selection of biorefinery techniques and for optimizing
crop management parameters to maximize the protein extraction. For
instance, the low protein extraction yield of sugar beet pulp was at-
tributed to the low protein solubility and the difficulty in extracting cell
wall bound proteins (Sari et al, 2015a,b). A high extractable protein
amount per hectare is important from a resource perspective, may
justify protein extraction from a certain crop and is of economic im-
portace to farmers. The extractable protein amount on a mass basis is
more relevant for bioefinery purposes since mass balance should be
calculated for identifying the most reasonable production capacity of
the biorefinery.

Pure grasses are promising feedstocks for production of biogas and
bioenergy (Tilvikiené et al, 2012) and contain prominently high pro-
tein yield and theoretical extractable protein both per hectare and on a
mass basis, while they can simultaneously enhance soil structure and
function and improve biodiversity (Jaradat, 2010). This shows that
grasses are probably the most suitable crops for protein production
purpose in a biorefinery. It should be mentioned that currently com-
mercial extraction of the cell wall protein fraction Bs by solubility or
enzyme technology is not competitive due to high price. However, the
results of the present study show that, if fraction Bz can be extracted
commercialy, 14-24% more of the protein (averaged across the cuts) in
2013 and 19-37% more of the protein in 2014 could be achieved for
perennial crops, with the highest percentage for cocksfoot in 2013 and
for M. x giganteus in 2014. On an annual basis, 499-686kgha ™' more
of the protein in 2013 and 667-1023kgha~! more of the protein in
2014 can be achieved in pure grasses in case fraction B; can be ex-
tracted, with higher extractability in festulolium in 2013 and in
cocksfoot in 2014.

With significantly lower biomass yield of grass-legume mixtures
compared to traditional maize and pure grasses, they may seem less
appealing for biorefinery consideration. However, even unfertilized
grass-legume mixtures had neutral ETP concentration similar to those
of pure grasses such as cocksfoot and reed canary, which indicates high
potential for protein production plus advantage of low fertilizer re-
quirement over pure grasses. Moreover, grass-legume mixtures may be
preferred over annual crops in optimized rotations and traditional
systems due to their higher protein yield and theoretical ETP both per
hectare and on a mass basis and environmental benefits such as im-
proved biodiversity and reduced weed invasion (Sturluddttir et al.,
2014).

Schreuder et al. (2014) found that sugar beet leaves have protein
praduction potential of 120 kg CP ha ™', which is remarkably lower
than averaged neutral ETP delineated by the present study
(243 kgha . Ina study by Boakye-Boaten et al. (2016), shredded
M. x giganteus biomass was separated into the press juice and press
cake fractions using a bench scale carver press. The protein content of
the juice was significantly higher with the value of 50gkg ™' DM,
which was twice the amount of CP in the pulp fraction. This amount
corresponds to the estimated acid ETP for M. % giganteus in the present
study in 2013 (47gkg ! DM). The neutral buffer soluble protein ex-
tracted by centrifugation of pestled C3 (such as wheat and reed canary)
and C4 crops were reported to be 33-48% and 26-30% of total protein,

Industrial Crops & Products 115 (2018) 214-226

respectively, of which 29% or more in C3 crops and 16% or less in C4
crops were comprised of RuBisCo (Pheloung and Brady, 1979). This
shows the lower soluble protein in C4 crops compared to C3 species as
it was evident from lower neutral ETP in miscanthus compared to C3
crops in both years. However, up to 50% of CP in the other C4 crop,
maize was neutral ETP, which was lower than barley grain (67%) but
higher than neutral ETP in pure grasses probably due to inclusion of
immature seeds in the harvested plant material.

4.3. Biorefinery considerations

This study provides an insight into the technical extractability of
protein for various crop candidates for biorefinery, although the entire
protein extraction chain also depends on economie, environmental and
social aspects (Wang et al., 2009). The use and value of the other
components of the biomass is also crucial, which will determine overall
biorefinery economy. The structure of cell wall may play a role in
protein extraction, as Pheloung and Brady (1979) showed that the so-
luble protein from C3 grasses are more readily available compared to
C4 grasses due to thick laminated cell walls in C4 grasses. Higher fiber
concentration and rigidity of C4 crops were also previously noted by
Barbehenn et al. (2004),

In grasses and grass-legume mixtures, 14-34% of CP was de-
termined to be the cell wall-bound Bs and thus its extractability may
depend on technical aspects of the biorefinery (i.e. using pre-treatment
techniques). For instance, alkaline protein extraction together with the
use of proteases and carbohydrolases increase the extractability of the
protein (Sari et al., 2015a,b). Dostenko and Lange (2016) showed that
40% of the protein in the pulp was extractable by aqueous extraction at
a pH of 8.0 and approximately 80% was achievable by using protease
enzymes. Although pre-treatment techniques can improve the solubility
of protein and assist with extraction of cell wall bound proteins, uti-
lizing these techniques may increase the production costs. However, as
the amount of protein in both grasses and grass-legume mixtures is
high, the economic benefit gained by protein production from these
crops may possibly offset the production costs.

Grasses are desirable feedstocks for biofuel production due to high
cellulosic content. Despite the inter-annual variation of biomass and CP
yield (Fig. 1) due to seasonal temperature and precipitation variation,
the fertilized grasses did yield significantly more CP and theoretical ETP
per ha compared to traditional systems, though traditional maize was
also a competitive and high-yielding system (Figs. 2 and 3). This further
point on an increasing interest in grasses and their availability in future.
This means that more protein will be available for extraction from pure
grasses, which can be recovered by integrating protein and biofuel
production. Extraction of protein from byproducts of bioethanol pro-
duction from sugar beet, which is mainly leaves may depend on its
profitability. However, the overall agricultural energy input per pro-
duct output will be lower if more of the field biomass can be utilized. As
the sugar beet production in Europe is high (1.2 Mt; Lewicki, 2001)
with almost 38% of the plant comprising of the leaves (Duke, 1983) and
36% of CP consisting of neutral ETP, production of protein from the
leaves may be economically beneficial. Apart from the protein, non-
protein N makes up 19-39% of CP in pure grasses and grass-legume
mixtures, which, as noted by Byers and Sturrock (1965) contains free
amino acids, nucleotides, inorganic N and soluble carbohydrates that
may be used as a substrate for growing microorganisms. Next to high
CP yield and protein extractability, which was prominent for pure
grasses, the quality of extracted protein in terms of availability of es-
sential amino acids mainly for feeding of monogastric animals such as
poultry and pigs need to be analyzed, which may ultimately affect the
choice of crop material for protein extraction.

5. Conclusions

The results of this study can be utilized for supporting an economic
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and sustainable biorefinery process where protein can be manufactured
and utilized as a valuable product early on during the processing of
biomass into energy and other bio-based materials. CP yield of pure
fertilized grasses was superior to both annual crops in optimized rota-
tions and traditional systems. Festulolium and tall fescue consistently
showed significantly higher neutral ETP than all other crops. Total yield
of CP for pure grasses was 2595-3693kgha ' in 2013 and
2995-3251kgha ™' in 2014 of which 1001-1640kg CP ha™" in 2013
and 1025-1377 kg CP ha ~! in 2014 were neutral extractable. If fraction
By can be extracted, 499-618kg more of the CP in 2013 and
667-1023 kg in 2014 could be extracated per hectare in pure grasses. In
2013, both unfertilized grass-legume mixtures showed similar annual
neutral ETP (kgha") to those of reed canary and cocksfoot, whilst in
2014, the SLU grass-legume mixture had similar neutral ETP to those of
all pure grasses. On a mass basis, on average 34-46% of CP in pure
grasses and 48% of CP in grass-legume mixtures were neutral ex-
tractable. 14-35% more of CP can be recovered in pure grasses and
grass-legume mixtures in case fraction B; can be extracted. Half of the
CP in maize and wheat grain, 36% of CP in beet leaves and almost 70%
of CP in winter and spring barley were neutral ETP.
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2/24. sz. dokumentum: Daniaban a z61d ipari innovacioé nemzeti K+F program, szamos fontos
céllal. Ezek kozott kiemelt feladat a zold fwehérje biofinomitdé. A Green Development and
Demonstration Programme alabbi felhivasa és tartalma példaértékii. Magyraorszagon is
hasonlo6 szinvonala és 6sszefogottsagua palyazatot szivesen latnank. A palyazat kiirasa és
nyelve angol.
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Green Development
and Demonstration
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(GUDP)

Invitation of applications for

The Organic Research,
Development and Demonstration
Programme (Organic RDD) 5

Application deadline 21 May 2019 at 12.00
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Call for applications and total funding available

The board of the Green Development and Demonstration Programme (GUDP) invites applications ft
funding of projects which carry out research and development and/or demonstration in relation to bu
ness-oriented innovation within the Danish organic food sector by means of a green conversion. The
jects must support both green as well as financial sustainability.

This call covers applications for research projects including development and/or demonstration, and
individual projects may apply for a total grant of 0.25 to 6 million DKK.

Overall financial frame

A total funding of up to 29.5 million DKK is available.

At least 80 percent of the funding is earmarked for projects with a business plan, cf. GUDP’s principl
However, up to 20 percent of the funding may be used for projects focusing on the contribution of or
farming to the public goods (without a business plan). The final distribution of funds will depend on I
quality of the applications.

Overall goals and points of direction
Research in the Organic RDD programs must support continued growth in the Danish organic sector and

e Be practice-oriented, ensuring a close connection between the new knowledge and practical im-
plementation,

e Be prioritized in close collaboration with the organic sector,

e Be of high international quality.

¢ Be communicated efficiently to the stakeholders.

e Through knowledge development support the contribution of organic agriculture to the public
goods.

Continued growth of the organic sector is anchored in:

1. INNOVATION - An innovative production, that ensures a strong supply of Danish raw materials
and refined commodities at competitive prices

2. DEMAND - A continued increasing demand in Denmark and internationally

3. CREDIBILITY — High consumer confidence incl. credibility in relation to the contribution of or-
ganic farming to public goods.

The organic research and development must be oriented towards these points of direction.

Elaborating remarks

INNOVATION - The research and development activities must strengthen primary production, processing,
marketing and demand by suggesting innovative and visionary solutions to concrete knowledge needs.
DEMAND - The research must contribute to an increased value creation and product development
through innovation in the value chain, gentle production and processing methods adjusted to the organic
philosophy as well as ensure documentation of the quality and value of the products.

CREDIBILITY - The consumers’ confidence in the organic sector and the contribution of organic agricul-
ture to the public goods are closely connected and in combination provide the credibility of the organic
sector. The credibility of the organic sector must be secured and strengthened through improvements in
the fields of climate, nature and biodiversity, environment, soil fertility, animal and human health and wel-
fare. This must be combined with an effective production to avoid that the organic premium counteracts
the growth of the sector.
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The focus of Organic RDD 5

Applications for Organic RDD 5 must contribute with innovative, concrete, practice-oriented solutions on
the specific conditions and challenges in the organic systems in relation to climate and environment and in
relation to recirculation and nutrient supply.

Climate and environment

The climate and environmental impact of the organic sector is crucial to its credibility. Increased
knowledge that contributes to e.g. higher productivity, energy production, increased carbon sequestration
and less emission of greenhouse gasses can ensure a better production economy and reduce the climate
impact. It is central to the organic principles to increase the soil fertility and optimize the use of the biologi-
cal resources of the farming system. At the same time, efficient utilization of resources entails a higher
productivity. Optimizing the interactions between the individual segments and processes of the production
system and utilizing the byproducts and side streams creates robust production systems in terms of both
economy, environment and climate. The knowledge need includes specific knowledge on detailed ele-
ments and functions of the system as well as broader knowledge on their relationship and interactions. For

example, there is a need to develop concepts for and knowledge on climate-neutral organic meat and
dairy production.

This call is for applications, which can provide increased knowledge on and concrete solutions for
production related and societal challenges/gains within the following areas:

+ Organic farming systems that increase the resource efficiency and reduce the climate impact, e.g.
perennial crops, better interaction between plant and livestock production and increased utilization
of by-products and side streams.

o Biological processes and functions; and ecosystem services and soil fertility including improved
carbon sequestration in soils and landscapes, methods for documentation of the soil’s fertility as
well as support and interaction with biodiversity.

e The environmental and climate impacts of organic livestock production including the relationship
with animal welfare and health, productivity, feeding and foraging strategies and fodder produc-
tion, as well as derived consequences such as nutrient leaching from outdoor areas.

¢ Simultaneous production of foodstuffs, feed, fertilizer and energy, e.g. by combining biorefining
and biogas production.

o Further development of sustainability tools that can support the individual farms in saving re-
sources, reducing leaching, improving biodiversity and animal welfare and acting more climate
smart.

* Reduction of the climate impact of farms both within the individual farms and in the interaction be-
tween farms through an integrated optimization, analysis and/or modelling of the climate impacts.

Recirculation and nutrient supply

Organic food production is based on a fundamental principle of recirculation of resources. Ideally, the nec-
essary nutrients are supplied through the use of nitrogen fixing crops, optimized use of nutrients on the
farm and through recirculation of nutrients from the rest of the society. Recirculation of nutrients from food
productions and cities may also take place as a result of increased use of side streams for feed or as the
basis of insect production or for fermentation. There are, however, also considerable amounts of products
including waste and by-products that are moved across national borders, and it may be of significant im-
portance to clarify how these may contribute to recirculation within organic farming. There is a need for
increased knowledge which can form the basis of risk evaluations, e.g. knowledge on the influence of mi-
cro-plastic and other unwanted components, and thus form the basis of the development of the best sys-
tems for safe recirculation. Due to the organic principle of care and the uncertainty about the consumer
acceptance, recirculation from the cities (e.g. household waste) or the industry only happens to a limited
extent. Therefore, there is need for knowledge on consumers’ and also the industry’'s views and under-
standing of the dilemmas related to recirculation (and the principle of care).

This call is for applications, which can provide increased knowledge on and concrete solutions for
production related and societal challenges/gains within the following areas:

+ Optimal utilization of nutrients on the farm or between farms, including both the allocation of ani-
mal manure, intercropping, combinations of animals and plant, agroforestry, etc.

+ Precise nutrient management based on greater knowledge on the of the mineralization ability of
the soil and innovative fertilizer strategies.

* Recirculation of nutrients and waste products from other parts of society, including utilization of
side streams and by-products as fertilizer, for feed or as the basis for production of insects or for
fermentation. This also includes increased knowledge which may form the basis of risk evalua-
tions and thus form the basis of the development of the best systems for safe recirculation

* Business models for a circular bio-economy to be established between society’s nutrient manage-
ment (waste water and source separated organic household waste) and organic agriculture, e.g.
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through a waste water management strategy which try to avoid the direct use in food production
system by first using the waste water for non-food production.

s Focused use of green manure through biogas as well as other methods.

¢ |dentification, testing and validation of waste streams which may, perhaps mixed, contribute to in-
creased fertility in farming systems that do not receive sufficient amounts of nutrients from animal
waste/manure.

¢ Optimization of the chain between primary producer and marketing, and the possibility of develop-
ing and marketing “resource optimized” food products.

s Utilization of perennial crops, also from areas not included in the rotation, for production of high
quality fodder through biorefining and potentially for production of food in combination with biogas
production and recirculation of nutrients to the soil.

Interdisciplinarity

Applications must address selected topics within the two themes. Interdisciplinary applications that in-
cludes holistic approaches and synergies between themes/different areas and sub-themes, are also wel-
come.

Concrete results with effect

A prerequisite for obtaining grants from GUDP is that the project creates concrete results, and that these
can be quantified and preferably documented in the application. It appears from the Guideline to Organic
RDD 5, how the quantification of the individual parameters must be indicated. The application must there-
fore show that the grants result in a direct benefit or a derived measurable effect.

Commercialization and business plan

Funding from GUDP is granted with the expectation that the project results will be commercialized, and as
an important part of the project application, business plan(s) must therefore be prepared for the project.
However, projects focusing on the contribution of organic farming to public goods (Type 2) are exempted
from this requirement and do not have to prepare a business plan.

Focus on the entire value chain

GUDP focuses on the entire value chain and emphasizes that the projects include participation from the
different parts of the value chain (e.g. production, processing, marketing and transportation) that are rele-
vant for the project. However, this does not apply to projects focusing on the contribution of organic agri-
culture to public goods (Type 2), but other actors than researchers can with advantage be included in the
project.

Bridging the food sector

GUDP wishes to support bridging, cooperation and sharing of knowledge between researchers, the indus-
try, farmers, fishermen as well as actors from other sectors with expertise that may benefit the entire food
sector.

Research and justification of project knowledge

Research must make up a significant part of the Organic RDD projects when it constitutes a relevant tool
to achieve actual development and demonstration goals thus encouraging a well-documented access to
the market. GUDP prioritizes that projects co-financed by public research funds to a high degree involve
and engage the industry as an active partner.

With the funded projects, GUDP wishes to create the framework for cooperation across industries,
knowledge institutions and companies in such a way that experiences and results can be documented anc
used in the future.

The GUDP board requires that research and knowledge institutions contribute with a co-financing of 10
percent of their respective shares of the project costs.
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2/25. sz. dokument: Dr. Rajesh Khanduji Jadhav (Department of Botany, D. G. Ruparel
College, Mahim, University of Mumbali, India) az LPC eléallitas utan keletkezd barnalé,
novényi savo, DPJ legismertebb kutatoja, tobb mint harminc kozlemény szerzdje e a
témakorben. Ebben a kozleményben megallapitja: ,,The DPJ (Deproteinised Juice) or whey
constituents were responsible for the induction of growth optimization of plants, various fungi
including yeast, Rhizobium reported by earlier workers. In previous experiments, DPJ
maximised the growth of plants and seed germination. During present investigation the
carbohydrates, amino acids and protein tests were taken into the consideration. All the tests
found positive. Despite, the extract is deproteinised, still there was persistence of few proteins
and amino acids. The collection of mycelia grown on DPJ was filtered and the culture filtrates
recommended to use in vitro for the industrial purpose for biomass and secondary metabolites.
Experimental DPJ is compared with the glucose nitrate medium as control. These positive tests
revealed the suitability of DPJ to be used as the medium for the growth of fungi. Positive amino
acid tests conspicuously revealed presence of phytohormones in members of Brassicaceae DPJ
and hence advisable to be utilised for the plant growth in vivo, plant callus growth and cell
proliferation of mycelia in vitro.” Jadev tanar munkait at kell tekinteni, és hasznositani a
Proteomill projektben (Jadhav, 2019).
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In the earlier research, DP] as the medium was compared with
Hansens medium, Potata Dextrose Broth (PDB) and Glucose
nitrate (GN) medium. Radish DPJ was found optimizing the
rate of germination of seeds and retarding dormancy. Cabbage
and cauliflower DP] was found increasing the microbial biomass
of veast by fermentation and their enzymes. DP] of Eichhornia
found mutagenic te cause chromosomal aberrations in root
meristems of Celosia. There was variation in the growth of
fungi when the DP] consumed prepared from different weeds
like Celosia [1]. Majority of amino acids gets disposed off to the
leaf protein concentrate (LPC) during Green crop fractionation
(GCF) during the filtration of juice when heated to 90°C [2]

Therefore few amino acids remains in DPJ.

Deproteinized leaf juice or whey is the by-product of the process
called Green Crop Fractionation. Deproteinized leaf juice is the
fraction of the juice extracted from the green foliages that remains
after the precipitation of the LPC. DFJ is rich in the water soluble
nutrients like carbohydrates, vitamins, minerals and unidentified
growth factors [3]. Deproteinized leaf juice of various plants have

DP), carbohydrates, amina acids, protein, cabbage, broth, mycelia, phytohormone

been used for the preparation of culture media for eultivation of
many useful bacteria, fungi, and actinomycetes especially species
of Saccharomyces, Streptomyces, Rhizobitim, Penicillium, ctc. [4]

Several attempts have been done by scholar on the production
of fungal biomass and their secondary metabolites on the
deproteinized leaf juice showing that suitability of deproteinized
leaf juice for the growth and production of micoorganisms like
fungi [5]. Deproteinized leaf juice used s & novel medium for
thizogenesis in vitro [6]. The process of green crop fractionation
results into thice major fractions i.c. pressed crop residuc (PCR),
leaf protein concentrate and deproteinized juice. The leaf juice
cxpressed during fractionating of green foliage is cmployed for
the preparation of food grade leaf protein cencentrate. The
LPC is 2 source of protein and vitamin A in human and poultry
diet. About 50% of fresh weight from green foliage contributes
the DF] [7]. This product, with 4 to 5% solids, is generally rich
in nitrogen and phosphorus [8]. In addition, earlier study [9]
observed that this fraction may contain various nutrients. The
data on the chemical composition of DPJ obtained from 10
crops has been given by [10]. It is evident from the data that
the percent DM and nutrient composition of this fraction varics
from species to species.

Copyright: © 2018 The authors. This article is open access and licensed under the terms of the Creative Commons Attribution License
(http:/jcreativecommons.org/licenses/by/4.0[) which permits unrestricted, use, distribution and reproduction in any medium, or format for any purpoese,
even commercially provided the work is properly cited. Attribution — You must give appropriate credit, provide a link to the license, and indicate if
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2/26. sz. dokumentum: Finn szerz6k megjelentetik a Bacterial protein for food and feed
generated via renewable energy and direct air capture of CO2: Can it reduce land and water
use? c. kivalo 6sszefoglalasukat (Sillman et al., 2919). A tizenkét szerzés kozlemény mogott
harom finn K+F intézmény van (LUT School of Energy Systems, Lappeenranta University of
Technology, Lappeenranta; VTT Technical Research Centre of Finland; és a Solar Foods Ltd,
Helsinki). A témakor igazi 21- szazadi biotech fehérjetermelés alapjait érinti. A szerzék
lényegében a korabbi évtizedek egyik csiics-biotechnologiai koncepcidjat, a single-cell-
protein (SCP) elvet élesztik ujja a hidrogént, széndioxidt és oxigént, mint energiat
hasznosité baktériumok elektrolizis-bioreaktorokban megvaldsithaté tenyésztését. A
rendszer elvi alapjait a mult szazad hatvanas éveiben dolgozzak ki az USA-ban (NASA,
Forster and Litschfield, 1964) és Németorszagban (Schlegel and Lafferty, 1965). A finn
szerzOk a téma, az MP (mikrobial protein) zart rendszerti ipari eldallitds jelentdségét az
alabbiakban feglaljak 6ssze z un. ,knallgas” (thermophilic, aerobic, hydrogen-oxidizing)
baktériumokkal (Hydrogenobacter thermophilus, Cupriavidus necator, Hydrogenovibrio
marinus, és Helicobacter pylori): ,,The land and water requirements of H2-oxidizing bacteria-
based MP via the carbon capture and renewable energy had not been previously studied. We
have shown that this technology exhibits a minor direct land occupation and water consumption
compared to traditional protein sources such as soybeans. Currently, MPs are not widely used
protein sources; thus, there is much progress that can be made by using the proposed MP
production technology to improve food security and sustainability of food or feed chains.
Therefore, the technology should be considered as a promising tool for sustainable agricultural
development. However, before the commercialization of the studied technology, ensuring the
safety as food and piloting with larger production capacities including a techno-economic and
amore comprehensive environmental assessment is essential.” (Sillman et al., 2919). Nézetiink
szerint ezt a kutatasi vonalat a Proteomill projekt kutatéinak is miivelniiik kell, nagy
stratégiai jelentoségénél fogva. Kiilonosen kihangsilyozandé a gazdasagossagi és
fenntarthatosagi kérdések professzionalis tanulmanyozasa, ha lehetséges, akar Kiilsé
szakérték bevonasaval. o
‘ . Global Food Security | “

Bacterial protein for food and feed generated via renewable energy and L)
direct air capture of CO,: Can it reduce land and water use? =
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For the water requirement of soybean production, values including
green and blue water requirements for soybean production was used for
comparison. Green water measures the volume of rainwater consumed,
and blue water measures the ground and surface water consumed
during the growth period (Mekonnen and Hoekstra, 2014). The water
consumption of MP was calculated based on the stoichiometry of the
production process:

Water consumptlion,
Water consumptionyp = E(¢]

MasSpiomass

2

2.2. The description of the case technology

2.2.1. Hydrogen-oxidizing bacteria cultivation in bioreactors

Microorganisms can be cultivated in bioreactors, where they can be
grown on a wide variety of substrates. H,-oxidizing bacteria, also called
Knallgas bacteria, are able to use Hz as an electron donor and O as an
electron acceptor to fix CO; to build up their biomass. In addition, some
nutrients are required to increase the biomass in the cultivation
medium. There exist different species of H,-oxidizing bacteria, such as
C. necator (also called Ralstonia eutropha and Alcaligenes eutrophus),
Rhodococcus opacus, and Hydrogenobacter thermophiles. Ha-oxidizing
bacteria are mostly aerobic and facultative chemolithoautotrophs using
Calving cycle for carbon fixation. They can derive their energy through
chemosynthesis or grow heterotrophically using organic substrates
(Aragno, 1998; Kuenen, 1999.; Lee, 2015.).

Microorganisms can be cultivated in batch or continuous bior-
eactors. There are several different types of bioreactors, such as stirred-
tank, bubble column, trickle-bed, membrane-based, and U-loop reactors
(Munasinghe and Khanal, 2010; Petersen et al., 2016). In addition to
the various technological approaches for splitting water using elec-
tricity (Section 2.2.3), it is also possible to produce H, and O, externally
or internally. External water electrolysis uses a separate unit process
outside the bioreactor, and internal electrolysis is performed directly in
the cultivation medium in the bioreactor.

Supplying the required gases from outside the reactor is a more
conventional method of growing Hy-oxidizing bacteria, but the chal-
lenge of this approach is the low mass transfer of Hy and O; to the
aqueous solution (Yu, 2014). In addition, H, and O, can produce
flammable mixtures in the reactor headspace, which may be ignited, for
instance, by measurement instruments in the bioreactor and cause an

27

explosion (C&EN, 2016). Therefore, controllable gas solubility is es-
sential. Problems with the mass transfer of gases and safety in the
cultivation of Hy-oxidizing bacteria can be avoided, at least to some
extent, by performing the electrolysis directly in the bioreactor. The
application in the studied case employs internal water electrolysis, and
thus, only CO, is supplied from outside the bioreactor.

2.2.2. Direct air capture of CO2

CO, is required as the carbon source for the growth of bacteria. CO,
supplied to the reactor can be taken from many sources. Flue gases from
combustion process (Leung et al., 2014) and by-products of fermenta-
tion or air are a few examples of sources of CO,. The studied case ap-
plication uses DAC, which is an emerging technology for the collection
of CO, directly from the atmosphere. Ambient air passes through either
asolid or a liquid medium in which CO2 molecules are retained. When
energy is introduced into the medium, concentrated CO, is released,
enabling it to be collected, stored, or used. Absorption refers to the case
in which a liquid medium is used in the capture process, and adsorption
is defined as the process in which a solid medium is used in the capture
process (APS, 2011; Bajamundi et al., 2019; Jones, 2011; Jones, 2015;
Zeman, 2014.). Most DAC systems are based on an adsorption/deso-
rption process (e.g., Carbon Engineering, 2016; Climeworks, 2016;
Global Thermostat, 2016; Infinitree, 2016; The Center for Negative
Carbon Emissions, 2016). The scheme of an adsorption-based direct air
capture device is illustrated in Fig. 2.

In principle, a pure CO, source could be omitted, and atmospheric
air could be used as the carbon source for bacteria. According to Liu
et al. (2016), the electricity-to-biomass efficiency decreased from 54%

Ambient air

Electricity CO2 poor air

eE——

-

Regeneration

—

Adsorption

Electricity CO. concentrated air

Heat

Fig. 2. Adsorption-based direct air capture device (Fasihi et al., 2019).
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2/27. sz. _dokumentum: Az USA-ban a Disease Biophysics Group, Wyss Institute for
Biologically Inspired Engineering, John A. Paulson School of Engineering and Applied
Sciences és a Harvard University (Cambridge, Massachusetts) kutatoi megjelentetik az Alfalfa
Nanofibers for Dermal Wound Healing c. munkajukat. (Ahn et al., 2019). A koézlemény arrol
sz0l, hogy a lucerna szaritott levélporbo6l (lucernaliszt) hogyan lehetséges orvosi
szempontbol is értékes fehérje nanobioszalat késziteni. A koncepcio alapja az a tény, hogy
a lucerna a legfontosabb természetes forrasa a genistein nevii fitoosztrogénnek, amely
strukturalis 6sztrogén-analog vegyiilet. A nyolcvanhat szakirodalmat felsorold kivalé munka
legfontosabb megallapitsai az alabbiak: ,,Alfalfa carries genistein, which is a major
phytoestrogen known to accelerate skin repair. The scaffolds presented herein were built from
composite alfalfa and polycaprolactone (PCL) nanofibers with hydrophilic surface and
mechanical stiffness that recapitulate the physiological microenvironments of skin. This
composite scaffold was engineered to have aligned nanofibrous architecture to accelerate
directional cell migration. As a result, alfalfa-based composite nanofibers were found to
enhance the cellular proliferation of dermal fibroblasts and epidermal keratinocytes in vitro.
Finally, these nanofibers exhibited reproducible regenerative functionality by promoting re-
epithelialization and granulation tissue formation in both mouse and human skin, without
requiring additional proteins, growth factors, or cells. Overall, these findings demonstrate the
potential of alfalfa-based nanofibers as a regenerative platform toward accelerating cutaneous
tissue repair.” (Ahn et al., 2019). Nézetiink szerint ezt a kutatasi vonalat a Proteomill
projekt kutatéinak is miivelniiik kell, nagy stratégiai jelentoségénél fogva. Kiilonosen
kihangsilyozandé a fehérjeszalak eléallitasi, gazdasagossagi és fenntarthatosagi kérdések
professzionalis tanulmanyozasa, ha lehetséges, akar kiilsé szakértok bevonasaval.

IDAPPLIED mATERIALS
INTERFACES [

% Gite This: ACS Appl. Mater, Interfaces 2015, 11, 33535-3,

Alfalfa Nanofibers for Dermal Wound Healing

Seungkuk Ahn, Herdeline Ann M. Ardofia,™ Patrick H. Campbell, Grant M. Gonzalez,
and Kevin Kit Parker

, John A Paulson School of Engine
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2020

2/28. sz. dokumentum: Az USA-ban a Brewster cég terméke a Vitalfa, a legismertebb
lucernakivonat. A technologia-ismerteto szerint 62,5 tonna (20% SZA) lucernabél 1 tonna
(90% SZA) koncentratumot kapnak. A lépések az kovetkezok: proselés, hékezelés,
centrifugalas, szaritas, granulalas. A termék neve ANC (Alfalfa Nutrien Concentrate). A
cég az alabbiakkal mutatkozik be: ,,Brewster is a name with a long history of involvement in
the food supplement and natural product industries. Started in 1929 as Test Laboratories by
Dr. William Test, the focus of the company was research and development. Bought in 1950 by
Marshall L. Brewster, the company changed its name, began to focus on producing a high-
quality food supplement, and started to recruit distributors to provide vitamins and minerals to
the general public. Through the distributors,Brewster spread the concept of a healthier life
through the supplementation of nutrients to one's diet. Currently producing over 300 niche
products of unsurpassed quality, we maintain two plants in California”. A Vitalfa-rol a
kovetkezoket irjak: ,,VITALFA™ s a pure juice powdered extract from 100% Non-GMO, fresh,
young growth alfalfa (medicago sativa). Produced through a 100% mechanical process, free
of any carriers and/or diluents, VITALFA offers a broad range of feeding applications through
the utilization of a naturally-rich, powerful source of phytonutrients, vitamins, and minerals.
VITALFA is included in many companion animal diets where formulations require a 100%
natural, human grade ingredient that provides complete animal nutrition. Examples in this
market include: canine, feline, horses, rabbits, guinea pigs, exotics, reptiles, birds and other
small companion animals. VITALFA is an excellent replacement for standard "dehy" alfalfa
and a low-cost alternative/complement to spirulina: 52% Protein, Omega 3 & 6 Fatty Acids,
Mixed Carotenoids and Beta Carotenen, Mixed Xanthophylls including Lutein & Zeaxanthinn,
Mixed Tocopherols (alpha, beta, gamma, delta), Vitamin K (Natural Phylloquinone), Natural
Chlorophyll A & B, Calcium & Other Vitamins”. Forrds:
http://ingredientsbynature.com/ingredients/animal-nutrition-ingredients

An Alfalfa Nutrient Concentrate

VITALFA™ is a pure Juice powdered extract from 100% Non-GMO, fresh, young
growth alfalfa (Medicago sativa). Produced through a 100% mechanical process,
free of any carriers and/or diluents, VITALFA offers a broad range of feeding
applications through the utilization of a naturally-rich, powerful source of
phytonutrients, natural pigments, vitamins, and minerals. VITALFA is included

in many companion animal diets where formulations require a 100% natural,

human-grade ingredient that provides complete source nutrition.

VITALFA is an excellent natural coloring agent for extruded kibble and pet
treat applications.

For more info visit IngredientsByNature.com
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100% Mechanical Extraction Process

In northeastern France, young growth alfalfa is harvested and
promptly delivered with hours to the processing plants. The
fresh juice is cold press extracted, concentrated and pelleted.
The mechanical extraction process preserves and concentrates
fresh alfalfa nutrition. Fiber is decreased. Protein, phytonutrient,
vitamin and mineral contents are significantly increased.

A Rich Natural Complex

Alfalfa Nutrient Concentrate (ANC) is an excellent source of
chlorophylls A & B green pigment, making it an exceptional
ingredient for pet food formulations where only 100% natural
green coloring is acceptable. As a source of high quality proteins
and concentrated phytonutrients, it adds potent nutritional
and antioxidant value to any companion animal diet.

Natural Pigments

ANC is a 100% natural source of chlorophylls A & B and
undergoes no chemical treatment. No copper, potassium or
sodium is used to convert the natural chlorophyll complex to
chlorophyllin salts. ANC contains a balanced natural synergy
of chlorophyll, carotenoids, xanthophylls (including lutein)
and tocopherals.

Nutritional Performance

The naturally-balanced amino acid profile of ANC provides
complete protein nutritional value in foods for dogs and other
companion animals. The profile is comparable to certain high
quality protein sources, such as egg white. Extracted from
farm fresh, young alfalfa (Medicago sativa), the digestibility of
ANC proteins is among the best of feed protein sources. This
original, cold press extraction process, which preserves and
enhances the fresh alfalfa plant proteins, maximizes the natural
nutritional benefits contained in the fresh alfalfa plant.

Applications

ANC provides a homogenous green color for extruded pet
kibble products as well as a source of complete nutrition.
ANC is an excellent replacement for dehydrated alfalfa,
spinach powder, pea powder, caramel color and
synthetic/artificial dyes. Other applications include pet treats
and pet supplements.

Listed by AAFCO
100% Natural * Non GMO
Grown and produced entirely in France
Contains no animal products

Vitalfa™ is registered trademark of Brewster Nutrition.

6 2 -5 1 ton of
tons of Alfalfa Nutrient
fresh alfalfa Concentrate
(20% dry matter) (90% dry matter)
Cold Pressing Heating Centrifugation Drying & Granulation

W oo ) =

52% Protein * Omega 3 & b Fatty Acids
Mixed Caotenoids & Beta Carotene

Mixed Tocopherols (a, b, g, d)
Mixed Xanthophylls & Lutein
Vitamin K (Natural Phylloguinone)
Natural Chlorophyll A & B
Calcium & Other Vitamins

Amino Acid Profile of Alfalfa Nutrient Concentrate

Il AnC
| W2

CIEEST f*{fjffa}f:ﬁ & .; ;

AA (% total protein|

jpenr) _ ALFALFA_(racsr) ANC [as fed) | ANC [dry matter]
Maisture 11% (80%) 9%

Crude Protein 17% 47.3% 52%
Xanthophylls 220 ppm (440 ppm)| 1,138 ppm 1,250 ppm
{Lutein + Zeaxanthin 774 ppm 850 ppm
Carotene 90 ppm (180 ppm]| 455 ppm 500 ppm
Crude Fiber 23% 1.8% 2.0%
Fat 3.2% 9.4% 10.4%
Linoleic acid [Omega §) 3.2g/kg 14.0 E?Eg 15.6
Linolenic acid (Omega 3] 8.8g/kg 6.0 g, 40.0 g,
Vitamin E 90 ppm 450 ppm 500 ppm
Vitamin K 20 ppm 490 ppm 1060 ppm

Ingredients | by Nature

For more info visit ingredientsbynature.com
or email info@ingredientsbynature.com

5555 Brooks Street, Montclair, CA 91763 | PH: 909-230-6200
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2/29. sz. dokumentum: Ismereteink szerint Franciaorszagban miikodik a vilag egyetlen LPC-
t jelenleg eloallité nagyvallalata. A Désialis cég fél évszazados miltra tekint vissza; egykor
az USA-beli Pro-Xan technolégiat adaptalja. Ma harom koncentralt lucerna extraktumot
allit elo, ANC, Extraluz és PX Agro Super néven. A Proteomill projekt részére javasoljuk
en termékeket kisérleti méretben importilni, és Osszehasonlito takarmanyozasi és
analitikai kisérletekbe vonni. Forras: https://www.desialis.com/produits (2020 01 02)

TECHNICAL DATA SHEET

ANC

Concentrated Alfalfa Extract*

P SPECIFICATIONS GUARANTEED

Moisture 9 p.cent maxi
Crude protein on dry matter 52 p.cent mini
PHYSICAL PRESENTATION

Pellets of diameter of 8 mm - Crumble

» ANALYSIS COMPONENTS (indicatives values as fed)

Moisture 8,0
Crude protein 50,6 %
Xanthophyll 1000 ppm
Lutein + Zeaxanthin 660 ppm
Crude Fat 10,5 %
Linolenic acid 345 agkg
Linoleic acid 12,9 akg
Crude fiber 23
Crude ash 11,0
Calcium 33,6 alkg
Absorbable Ca (INRA) 10,1 g/kg
Phosphorus 8,2 alkg
Absorbable P (INRA) 57 gkg
P (INRA) 6,5 akg
I~ Pc 82 gkg
Q DEB 168 mEa/kg
o DACB -62 mEa/kg
S NDF 13,8
S ADF 28
o ADL 09 %
% Carotene 405 ppm
8 Vitamin E 400 ppm
@ » NUTRITIONAL VALUES as fed
CATTLE: POULTRY :
Net Energy milk (UFL)....... 1,16 kg MEn Poultry
Net Energy gain (UFV) ... 1,14 kg ME Poultry ..
PDIN (Digestible protein permitieg by nitrogen) 49 DLys pout...
PDIE (Digestible protein permitted by energy)425 a/kg DMet poult._.
PDIA (by pass digestible protein)399 g/kg
DLys rum .. I 6,8 %PDIE
Dmet rum -.1,9%PDIE

» Amino Acids composition g/kg as fed

Lysine................... 31,70 Isoleucine -....25,80 Methionine

...4,80 Valine.......

Leucine ... I 46,60

Tryptophan.___._....... ..12.60 1220 Threonine
Arginine. 31,40 ..-26,60 Phenylalanine ...
serine 21,40 Tyrosine_ .. ...21,60 Alanine________

July 2018 - Version 17

Best before six months after the dispatch date for bulk products or the date of manufacture for packaged products

The contractual document is the signed contract
* Alfalfa protein concentrate. Feed material.

Quality system 150

’ . °
e A DESIALIS - 27 .29 rue Chateaubriand
sarified 9001 by 75383 PARIS Cedex 08 - France D e Slalls
& CONTROLUNION Tél. : +33 (0)1 4299 01 01 - Fax: + 33 (0)1 42 99 00 07
~ www.desialis.com
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TECHNICAL DATA SHEET

EXTRALUZ

Concentrated Alfalfa Extract*

» PHYSICAL PRESENTATION

Pellets of 8 mm of diameter — Crumble

» ANALYSIS COMPONENTS (indicatives values as fed)

Moisture 80 %
Crude protein 47,8 %
Crude fiber 23 %
Crude Fat 10,5 %
Crude ash 11,0 %
Calcium 336 a’kg
Absorbable Ca (INRA) 101 g/kg
Pt 83 gkg
Absorbable P (INRA) 57 gkg
Potassium 83 gka
Available P (INRA) 6,5 a’kg
DEB 168 mEq/kg
DACB 62 mEg/kg
E NDF 138 %
< ADF 28 %
1 ADL 09 %
3 Carotene. 230 ppm
Q Vitamin E 230 ppm
w » NUTRITIONAL VALUES as fed
3 Net Energy milk (UFL) 1,16 kg
2 Net Energy gain (UFV) 114 kg
PDIN (Digestible protein permitted by nitrogen). 424 a’kg
PDIE (Digestible protein permitted by energy). 402 a’kg
PDIA (by pass digestible protein) 377 a'kg
DLys rum 6,8 %PDIE
Dmet rum 19 %PDIE

» Amino Acid Composition g/kg as fed

Lysine ... a2 30,00 Isoleucine._........ 24,30 Methionine ............ - 10,00
Leucine . 4410 Cystine .. ......450 Valine .. .....2920
Tryptophan ... 1200 Histidine ... 11,60 Threonine..._.___._ .....2350
Arginine _ SESE——— . X .11 Glycine ........_..... S— N ] Phenylalanine _..... 28,50
Serine...... e 20,20 Tyrosine ... e 20,40 Alanine..___..._._.... . 28,60

July 2018 - Version 18

Best before one year after the dispatch date for bulk products or the date of manufacture for packaged products.

The contractual document is the signed contract
* Alfalfa protein concentrate. Feed material.

Y . .
Quality system 15O DESIALIS - 27 .29 rue Chateaubriand
certified 9001 by : 75383 PARIS Cedex 08 - France
R Tél. : +33 (0)1 4299 01 01 - Fax: + 33 (0)1 42 99 00 07
=% CONTROLUNION www desialis.com
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TECHNICAL DATA SHEET

PX AGRO SUPER

Concentrated Alfalfa Extract*

P SPECIFICATIONS GUARANTEED

Moisture .. e .9 p.cent maxi
Crude protein on dry matter ................ e 52 p.cent mini
on dry matter.... 1150 ppm mini

» PHYSICAL PRESENTATION

Pellets of 8 mm of diameter - Crumble

» ANALYSIS COMPONENTS (indicatives values as fed)

Moisture............. %
Crude protein %
Xanthophyll . ppm
Lutein + Zeaxanthin ppm
Crude Fat______ S %
Linalenic acid gkg
Linoleic acid okg
Crude fIDBI ... %
Crude ash - - - - - . - _— - - - %
Caleium . 338 gkg
Absorbable Ca (INRA) . . . 10,1 gkg
Phosphorus - - S - - . - - 8,2 gk
Absorbable P INRA) ..o 57 gkg
Available P (INRA).... 65 gokg
Potassium......... . - . - .82 gkg
DEB.____ e 168 mEaq/kg
8 DACB . 62 mEgkg
2 INDIF e 138 %
2 ADF . 28 %
2 ADL - R — L.
2 Carotene. 405 ppm
™~ Vitamin E _ S S - SO - . S ... 460 ppm
w
8 » NUTRITIONAL VALUES as fed
=]
4 bk POULTRY
Net Energy milk (UFL) 116 kg MEn Pouttry 2475 kealikg
Net Energy gain (UFV).... 114 kg ME POUITY oo 2975 kcalikg
PDIN (Digestible protein per!nll!w nitrogen) 449 DLyspoutt . . ..283 ghkg
PDIE (Digestible protein permitted by energy)425s axg DMt POUIE ..o 9.1 gikg
PDIA (by pass digeslible prolein)399  g/kg
OLys rum - . e 6,8 %PDIE
DMEL UM oo ~
s
» AMINO ACID COMPOSITION g/kg as fed @
L
Lysine - . R ) Isoleucine 80 10,60 >\
L —— 46.60 CYSUNE. 480 ValiNe e 30,80 =
Tryptophan 12,60 Histidine 12,20 Threonine 24,80 5
Arginine 31,40 Glycine 2660 Phenylalanine 30,20 =
Serine 21,40 Tyrosine 21,60 Alanine 30,30 3

Best before six months after the dispatch date for bulk products or the date of manufacture for packaged products.

The contractual document is the signed contract
* Alfaifa protein concentrate. Feed material.

7 ® .

Quality system IS0 DESIALIS - 27 .29 rue Chateaubriand

certified 9001 by : 75383 PARIS Cedex 08 - France l l
Tel. : +33 (0)1 4299 01 01 - Fax: + 33 (0)1 42 99 00 07

‘: CONTROL N www.desialis.com Ee
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2/30. sz. dokumentum: Rod Mc Donald (Uj-Zéland) kivalé kutatd az elmilt negyven évben
az LPC kutatas-fejlesztés tantja. Evek 6ta azt kozli a nemzetkozi kozosséggel, hogy a muiilt
alacsony hatékonysagia (low-yield) LPC eléallitasi technologiait hogyan lehetne
atalakitani magas hatékonysaga (high-yield) modszerré. Mc Donald dr javaslatanak
egyik kozponti stratégiaja a mikroalga eléallitas kifejlesztése a barnalébol. A Mc Donald-
féle koncepciot az alabbi tanulmany argumentumaira is tamaszkodva, a Proteomill program
tudomanyos és gazdasagossagi esszencidjaként javasolt kezelni: jelenlegi ismereteink
szerint ilyen munkat eddig nem végeztek, ilyen szabadalmak és know-how-k nincsenek,
sem a hazai, sem a nemzetkozi szakirodalomban. (Mc Donald, 2020)

Forras: http://sustainableprotein.com/# ednref34 (2020 01 02)

2018 Rod McDonald LEAF PROTEINS
FOR AQUACULTURE FEED A HIGH-
YIELD PROCESS

http://sustainableprotein.com/

LEAF PROTEINS FOR AQUACULTURE
FEED: A HIGH-YIELD PROCESS

Rod McDonald

Email contact: info at sustainableprotein.com

Updated 3 January 2018
Leaves: an abundant source of protein

The protein in green leaves is abundant but is greatly under-utilized. Leaf protein
concentrate extracted from lucerne 1s already on offer as a commercial
aquaculture feed, but that process extracts only a small fraction of the protein that
1s in the leaves. An advanced process, developed to pilot scale in New Zealand,
can extract 80% of the protein in common legumes and grasses. This process
would allow a protein yield of over 2 tonnes per hectare, more than 1s obtained
from conventional seed crops.

The basic products from the extraction process are: a solid protein/lipid
concentrate that is 50% protein and is also rich in short-chain omega-3 fatty acids
and antioxidants; finely divided low-lignin cellulosic fiber; and a liquid that
contains sugars and other plant-cell nutrients. The fiber has potential for use as a
bioenergy source to power the processing operations, perhaps with energy to
spare for biofuel manufacture. The sugar-rich liquid should be useful for
fermentation, perhaps for growing algae or yeast to produce long-chain omega-3
fatty acids to supplement aquaculture feeds. A variation on the process allows a
higher concentration, higher digestibility protein fraction to be produced.

Selection and breeding for optimal yields of protein, lipids and other aquaculture
feed mgredients from leaves has hardly been explored at all. The range of plant
species or mixture of species that could be used 1s very wide, and even toxic
plants might in some cases be detoxified during the processing. Compared with
conventional monoculture crops, a production system based on perennial, deep-
rooted leafy crops should be less vulnerable to catastrophic loss from pests,
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diseases, weeds, and the increasing weather instability that is expected to result
from climate change.

This article 1s focused on producing feed for aquaculture, because that is a shorter
step to acceptance than using it as a direct human food. However, the potential
value for human nutrition, established since trials by Norman Pirie in the 1960s,
1s discussed near the end.

Aquaculture

The aquaculture industry 1s working hard to substitute plant proteins and lipids
for the traditional wild-caught fish m feed formulations, with considerable
success. The “plant proteins” being used almost always come from arable seed
crops. and mostly from soybeans.

Unfortunately. the expected changes in population. climate, and resources are
likely to threaten the availability and reliability of arable seed crops. But in this
presentation [ will be describing a technology that could provide aquaculture with
an alternative plant-based protein/lipid teed from non-arable land.

Leaf crops contain abundant protein, lipids and pigments.

As an alternative to annual seed crops. leaf crops have the advantages that they
are usually perennial, they will be more resilient when challenged by droughts,
tfloods and pests, and can better tolerate land that 1s marginal for arable crops[1].

The downside of leaf crops is that those nutrients are not readily accessible, being
protected by tough cell walls. But those cells can be broken open by mechanical
processing.

Obtaining aquaculture feed from leaf crops 1s not a new 1dea. A concentrated
extract of lucerne (altalfa). made m France, has been sold as an aquaculture feed
ingredient for years under the name "Vitalfa" [2]. However, the process used
provides a low yield of protein concentrate per hectare of harvest, and the asking
price is high, similar to fishmeal. I have been told that price and lack of a large-
scale source of supply excluded it from the European Aquamax trials that were
aimed at finding alternatives to fishmeal[3].

The purpose of this presentation is to describe a different way of extracting
nutrients from leaves, with a yield fourfold higher. It could be further extended to
make long-chain omega-3 lipids as well.
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The low-yield process The high-yield process
Harvest Harvest
| !
Pulp Pulp and il
Press [bre [Dry} ,I Dehy Triple Press I Flbre [ 227
Juice Juice
Inject steam Inject steam
F 5 , Wa 1 5 W [
Certrifoge ugars, water [Centritage ugars, water [
Protein curd (50% protein, 7% of crop DM) Protein curd (50% protein, 28% of crop DM)
Dry I Protein/lipid concentrate | 777 I~ I Proteinflipid concentrate |

Above on the left 1s a sketch of the long-established leaf protein extraction
process. In France the lucerne crop 1s harvested 6-8 times a year while it 1s 1n a
vegetative stage, when the leaves are lush and usually contain 25% protein or
more.

The protein concentrate yield 1s only 7% of the crop infeed. on a DM basis[4].
There 1s a good reason why the yield 1s low - the main product 1s dehydrated
lucerne (the “Dehy”), and the protem concentrate 1s a only minor by-product. [5].

The dehydrated lucerne has to meet mimnimum protein-content specifications, so
only a small proportion of the protein present in the leaves can be removed, 10-
20%. The pulping and pressing operation that breaks open the plant cells and
liberates the cell contents does not need to be very effective.

In the 1980s we developed a high-yield version of the process. which we
developed. shown above on the right. By avoiding the production of dehydrated
tibre, different milling techniques can be used to mcrease the extraction yield.

We intended that the fibrous fraction and the sugars would be used for biofuels.
We demonstrated that with the right methods up to 80% and typically 70% of the
protein can be extracted from ryegrass-clover mixtures and from lucerne[6].
which were the only crops that we worked on.

The changes 1n the process do not look extensive, but the recoverable yield of
protein per hectare per year can be four times that achieved by the low-yield
process. The protein concentrate yield can be 28% ot the crop dry weight instead
of 7% 1n the older process.

In terms of protein per hectare, the yield would be over two tonnes, more than
double that produced by a typical soybean crop[7] [8].
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Development of the high-yield process

As soon as the operation was independent, the engineering team moved on to a
high-yield version of the process, including cellulose-hydrolysis and fermentation
work. That was the time of the 1980s liquid fuel crisis, and the government was
encouraging biofuel research.

The pictures below show the first-stage pulper at top left and the high-intensity
mill at top right, with a screw press beneath each. The added milling stage makes
the fibre fraction much finer and lower in protein.
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In the late 1980s the energy crisis disappeared. The research work was terminated
and rapidly forgotten.

Bioenergy

With the return of world concerns over the security of energy and food supplies,
and the recent development of new biotechnologies, the process is worth re-
considering. Of particular interest is how the process might integrate with the
production of microbial lipids and proteins using algae or yeast.

Around the world there has been heavy investment in pilot projects for land-
based production of algae, mainly for biofuel purposes but also for aquaculture
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feed. Some species of algae can be made to produce high concentrations of long-
chain omega-3 fatty acids[9] or pigments[10] [11] that are valued in aquaculture.

Algae can be produced in fermenters, without the aid of sunlight, and with sugars
supplied from an external source, a method promoted by Solazyme™[12] and
others. Under these conditions the algae can be grown much more densely than mn
solar ponds[13].

Algae can be difficult to culture economically, especially with a feedstock with
variable composition, but yeasts are more robust. A yeast species has been
modified to produce long-chain omega-3 fatty acids by fermentation, which was
the subject of a collaboration between DuPont™ and Aquaculture Chile[14]. The
genetic modification in DuPont's yeast caused market resistance, but the use of
omega-3s from micro-algae seems to have been accepted more readily [15].

Referring back to the high-vield process, something has to be done with the
sugar-rich stream that remains when the protein and associated lipids are
separated from the juice. We called that stream “deproteinized juice” or DPJ.

The DPIJ contains about 15% of the crop on a dry-matter (DM) basis. It1s a
solution with about 5% DM content, of which some 30% 1s simple hexose sugars
and another 20% 1s complex sugars like fructosan[16].

Fermentation processes require N, P and other trace nutrients as well as sugar.
Nutrients are a significant cost and supply challenge for fermentation[17] [18].
The fact that DPJ 1s the contents of living plant cells, lacking only specific
proteins, suggests that it should be a complete source of nutrients for yeasts
without further additives, and therefore might have more value than the sugar-
mill wastes that are likely to be the cheapest feedstock.

DP1J has been used successtully in various small-scale fermentation
processes[19] [20] [21]. so it seems reasonable to assume that the mixture would
also be a good nutrient supply for algae, although I am unaware of anyone having
tried 1t for that purpose.

If DPJ was used as a nutrient supply for an algae or yeast fermentation producing
a high concentration of lipids, we could get this result. In this model the protein
concentrate yield has increased from 28% to 32% of the harvest weight, and
about a third of the lipids could now be equivalent to fish o1l[22].

Based on algae fermentation literature[23] [24] [25]. I have assumed that 60% of
the fermentable sugars in the DPJ could be converted to algal biomass, with 50%
protein, and 35% lipid content that is high in long-chain omega-3 lipids.
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If mixed with the leaf protein concentrate, the combined product would be about
32% of the crop DM.

The algae biomass produced could be about 4% of the crop on a DM basis[26].
The total aquaculture feed produced from a 15tDM/ha crop would be 4.8 tonnes
DM, with 50% protein content and 13% fat, including 4% “fish oil” from the
algae.

Using the fibre

The fibre fraction is the largest output of the process, produced as a densely
compressed mat of fine fibres with about 40% DM content. Our material
contained typically 22% cellulose, 21% hemicellulose, 12% lignin, 3% soluble
hexoses, 2% nitrogen and 4% nunerals.

One thing that could be done with the fibre is to use it as a bioenergy source, by
digesting or burning it. The fibre from a tonne of crop DM could produce
7000M7T in a moist-feed burner.

The most energy-intensive part of the high-yield process 1s the milling stage. In
our 87 un-optimised high-extraction runs we found that it consumes typically
about 700 MIJ per tonne of crop DM. 700MJ 1s only 10% of the energy available
from the fibre, so as a biofuel source the fibre could produce more than enough
energy to run the mill and the rest of the process plant as well, perhaps with
energy to spare to cover the harvest operation and have a surplus for sale[27].

Harvest

Pulp and mill

; Fibre
Triple Press ———{ Hydrolyse —‘—~| Ferment

Inject steam

Algae or yeast

y

Sugars, water
Centrifuge 9 Concentrate

Protein curd (50% protein, 10% lipid)

{ Dry? H Protein/lipid concentrate

(50% protein, 20% lipid, 42% of crop DM)

Alternatively, we could use the fibre as a fermentation feedstock, by hydrolysing
it to sugars. Compared with the cellulosic materials commonly used in biofuels
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developments, our fibre would have some advantages: It would be already
present at the site, so accumulation and delivery costs would be already
accounted for; and the fibres are finely divided and naturally low in lignin,
without any further preparation, so the reaction rates should be rapid and the
process equipment relatively small.

It 90% of the cellulose and hemicellulose was hydrolysed to sugars and added to
the DPJ[28]. and all the microbial biomass produced was mixed with the leaf
protein concentrate, the total feed available for aquaculture would be 42% of the
crop, on a DM basis[29] [30].

That assumes that the pentose sugars from the hemicelluloses can be usefully
fermented, but pentose-based fermentation does exist[31].

It we assume that the microbial oil is equivalent to fish oil[32], the equivalent
tish-oil content of the mixed feed would be 14%, which would be higher than
found m advanced salmon diets in today[33].

4 tonnes of fish per hectare

To summarize, if we harvest 15 tonnesDM of leaf crop from 1 hectare, we could
potentially produce 6.3 tonnes (dry weight) of aquaculture feed with 50% protein
content and 20% lipids, with 2/3 of the lipids being microbial o1l, rich in long-
chain omega-3 fatty acids.

It we fed it to fish and assume a feed conversion ratio of 1.5, we would get 4
tonnes of whole fish.

The same land used for dairying would produce about 1 tonne of dried whole-
milk powder. The international commodity prices of dry milk powder and whole
wet fish are usually similar per tonne, so the export revenue from the fish
supported by a hectare of grassland could be four times higher than the diary
products that the same hectare would produce.

The relative costs of dairy processing compared with aquaculture operation are
beyond the scope of this paper, but should consider the proportion of value
captured by the producer, which should be higher for fish delivered to the
consumer or restaurant than it would be for exported milk powder used as an
ingredient in the products of multinational companies.

In terms of contribution to global protein supply, the whole fish, after trimming
to edible portions, would produce about the same amount of protein that would
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be obtained m milk from dairy cows on the same land, but it would also contain
long-chain omega-3 lipids.

Leaf proteins for food — chloroplastic and cytoplasmic protein

The proteins 1 leaves can be regarded as being of two classes, originating in the
chloroplasts or the cytoplasm of the leaf cell. With some ingenuity they can be
separated during the extraction process because they precipitate from the juice at
different temperatures.

The cytoplasmic protein lacks the colour and taste of the chloroplastic fraction,
and has higher digestibility. In a trial with Tilapia the cytoplasmic fraction
performed as well as fishmeal when replacing 35% of it[34]. It could fetch a
premium over the whole protein concentrate, in fish feed formulations that need
high protein quality and concentration.

Whole and cytoplasmic leaf proteins are already being promoted and used on a
small scale for human consumption[35] [36]. which might eventually become
popular. The green chloroplastic protein could be used for aquaculture, and the
cytoplasmic protein could be used for direct human consumption, perhaps in the
way that seed proteins can be extruded into a product resembling surimi or
chicken[37]. The quantity of cytoplasmic protein obtained would be similar to
the quantity of milk protein obtained from the same land area. but we could get
fish as well.

Enabling the use of a wider variety of plants

The protein extraction process also offers opportunities for detoxifying the
products of plants that might be plentiful but difficult to use directly in
aquaculture. For example, cassava is one of the most commonly grown crops in
the world. It 1s a prolific producer of starch and the leaves have a high protein
content. The cyanide it can produce discourages pests and makes it tolerant to
some infertile soils. There are ways of removing the cyanide or preventing its
production, and the removal process could be conducted efficiently as part of the
leaf processing operation.

Economics, resilience and sustainability

The production of microbial oils by fermentation and the hydrolysis of cellulosic
biomass to fermentable sugars are still in the early stages of commercialization
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by various companies. The leaf-protein extraction operations in France, the only
current large-scale producer. appear to be marginally economic. According to
reports production volume has been declining, perhaps a consequence of the
primary process operation being fuel-intensive dehydration of most of the
incoming crop. along with loss of EU subsidies.

In the longer term it 1s likely that global changes will make leaf crops and the
associated biotechnology more attractive. The high yield relative to seed crops
will make better use of what land 1s available, and allow use of more marginal
land.

Resilience 1 the face of drought, floods and pests will come from the ability of
perennials to tap into deep soil stores of moisture and nutrients, and from the
ability of leaves to regenerate where seed production would tfail. The carbon and
nitrogen footprints should be much smaller than those of arable or pastoral
agriculture.

The wide diversity of leafy plant species that can be used will improve the
reliability of supply, by allowing rapid substitution if one species collapses from
a disease or pest incursion.

There 1s an untapped opportunity for selection of leaf crops for high levels of
specific nutrients and flavours.

Because leat crops can grow successfully in almost any climate, protein
production for feed or food could be more local and less subject to global supply
and price fluctuations.
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3.2.3. KOVETKEZTETESEK (2000-2020)

Tanulmanyunk elkészitéséhez 6sszegyljtott és/vagy rendelkezésre allo, 2000 és 2020 kozotti,
huszévnyi forrasanyag Osszesen 442 tételt szamlal, 10.000 feletti oldal terjedelemben. A

kozéleményekben egyiittesen 8000 feletti hivatkozast tekinthetiink tovabbi metaadat-forrasnak.

Ha figyelembe vessziik az 1900 — 2020 kozotti teljes irodalmi gyijtésiinket, akkor
megallapithatjuk, hogy az utobbi hisz év reprezentalja a teljes szazhtisz évi kozlemany-halmaz
negyven szdzalékat. Ez Osszhangaban van azzal a globalis folyamattal, amit a tudoméany

altalanos fejlodése terén tapasztalhatunk. Egyre tobbet tudunk egyre kisebb részletekrdl.

Az irodalmi forrdsok koziil tobb mint harminc konkrét példat emeltiink ki tanulmanyunk
masodik részében. Azokat valasztottuk ki ezuttal is, amelyek kiilonosen fontosak a szektertilet

fejlodés folyamatanak az illusztralasara, jelen esetben az utolso két évtized soran.

e A teriileten mitkodnek LPC-t el6allito és forgalmazé vallalatok, a Désialis Franciaorszagban,

a Brewster az USA-ban.

e Vannak termékek, mint pld. a Vitlafa (Brewster) és a Désialistol az ANC, az Extraluz és PX

Agro Super koncentraumok.

e Kidolgoztak az USA-ban a lucerna un. harvest-faktionation technologia alapjait, mely
segitségével vélhetden nagyobb lehetdség lesz a lucerna z6ld biomassza értékndveld

komplex bioipari hazsnositasara.

o A két évtized soran sziiletet dan, USA, francia, német, és magyar (!) szabadalmak életképes

alternativat kindlnak mind a kutatas-fejlesztés, mind a gyakorlati hasznosités tertiletén.

e Fontos koriilmény, hogy az EFSA 2009-ben biztonsagos élelmiszer kategdriaba sorolta be

az LPC-t

e A high-yield zold fehérjefinomitas teriiletén kétségkiviil Dania jutott a legmesszebre:

nemzeti program kozéppontjaban talaljuk a pillangds-fi biofinomitd technologiak kérédsét.
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4. OSSZEFOGLALO KOVETKEZTETESEK ES JAVASLATOK

4.1. HIVATALOS DAN VELEMENYEK A ZOLD BIOMASSZA DANIAI
SZEREPEROL. A PROTEINTERMELES- ES HASZNOSITAS
JELENTOSEGEROL (Termansen et al, 2016; Hermansen et al., 2017)

Mette Termansen, Morten Gylling, Uffe Jorgensen, John Hermansen, Line Block Hansen,
Marie Trydeman Knudsen, Anders Peter S. Adamsen, Morten Ambye-Jensen, Mikkel Vestby
Jensen, Soren Krogh Jensen, Hans Estrup Andersen and Steen Gyldenkcerne (2016): Green
Biomass. Aaarhus University & University of Copenhagen, DANISH CENTRE FOR FOOD
AND AGRICULTURE, Report 073, p. 1-40

Osszefoglalds

Déniaban 2,6 milli6 hektar mezdgazdasagi foldteriilet talalhatd, ami azt jelzi, hogy a teljes
teriilet kb. 60% -4t mezdgazdasagi termeléshez rendelik. A didn mezdgazdasdgban a
dominans novény az 1,4 millié hektaron termesztett gabona. A masodik legszélesebb korben
elterjedt novényfaj a fii és a z6ldtakarmany, amelyek 0,6 millio hektart foglalnak el. Mivel a
gabonatermés 77% -at takarmanyként hasznaljak, ez azt jelenti, hogy az allati takarmany
eloallitdsahoz hasznalt mezdgazdasagi foldteriilet részesedése messze meghaladja az emberi
fogyasztéasra szant termékek eldallitdsahoz felhasznalt részesedést. Annak ellenére, hogy a
takarmanytermelésre szant jelentds mezdgazdasagi teriilet részesedése nagy, Dania évente
mégis 1,5 millid6 tonna szdjadardt importdl; ez megegyezik a szdjaliszt teljes eurdpai
behozatalanak koriilbeliil 5% -aval. A szojaliszt az olajkivonas mellékterméke, és altalaban
az Osszetett takarmanyokban hasznaljak a fehérjetartalom novelésére. A szdjaliszt behozatala
mellett a pénziigyi koltségek fedezése kornyezeti €s tarsadalmi problémékat is felvet. A
szbjaliszt eldallitasa, amely elsésorban Dél-Amerikdban zajlik, gyakran tarsul a kornyezet
pusztulasaval, példaul az erdétertilet tisztitasaval; ismert az is, hogy a helyi lakossag szamara
egészségligyi €s tarsadalmi problémakat okoz. Kdvetkezésképpen a szdjaliszt behozatalanak
alternativai iidvozlenddk, és a zold biomassza, amely nagyobb terméshozamot és magasabb
fehérjetartalmat mutat, mint a gabona, relevans helyettesité anyagot képviselhet. A zold
biomassza azon lehetdsége, hogy helyettesitse az importalt szojalisztet, a fehérje zold

biomasszabol torténd kivonas miiszaki és gazdasagi megvalosithatosagatol fligg. Ezen kiviil
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a z0ld biomassza jelentds egyéb potenciallal rendelkezik, a takarmanyozésra és fogyasztasra
szant nagy értékll termékek eldallitasanak alapanyagaként. Végiil meg kell jegyezni, hogy a
gabonamagtermesztésrol a flialapu termelésre vald attérés szamos potencialis kornyezeti
elonnyel is jar. Ezek a lehet6ségek motivaljak a zold biomassza eléallitasanak technikai,

gazdasagi és kornyezeti szempontjainak elemzését ebben a jelentésben.

A z6ld biomasszabdol nyert fehérjetermékek kereskedelmével kapcsolatos dan tapasztalatok

A fentiekb6l kitlinik, hogy a fehérjéknek hatalmas piaca van Daniaban. A fiibol és
hiivelyesbdl szarmaz6 fehérjeizolatum eldallitasa nem 1y Gtlet. A folyamatot tobb mint egy
¢vszazaddal ezeldtt ismerték, és mar tobb alkalommal felvetették annak lehetdségét, hogy
taplalo fehérjét nyerjenek a z6ld biomasszabodl, és kiegészitésként hasznaljak az emberi
taplalkozashoz vagy allati takarmanyhoz (v6. Pl. Houseman & Connell, 1976 ¢s Pirie NW).
(1987)]. Szamos kezdeményezés ellenére soha nem tortént tényleges forgalomba hozatal.
Ennek tényszerti oka lehet a globalizacio, az olcs6 szallitas, a kereskedelmi megallapodasok
¢s az EU gabonatermékekre valo nagy 6sszpontositasa, melyek egytitt kedvez6bb megoldast
kindlnak a jelenlegi szdjaimport-gyakorlat szamara. Kiilonb6zé ismeretek (a jelen
jelentésben korabban emlitettek) azonban arra utalnak, hogy a szdjaimportnak egy

fenntarthatobb alternativaja is 1étezik.

A z61d biomasszabol nyert fehérjeizolatumok kereskedelmi eldallitasa tekintetében a szerzok
csak egy aktiv termeldt ismertek. A francia takarmanygyartot, a Désialis-t, amely elsOsorban
lucerna széna értékesitését végzi. Piaci rést hoz Iétre az lucernabdl szarmazo fehérje-
izolatummal, amelyet els@sorban a barofi és haziallatok takarmanyaiban hasznilnak. A
Désialis szerint a koncentratum magas fehérjetartalmu (> 50%), gazdag vitaminokban,
vasban és omega-3 zsirsavakban. A Désialis termelése és forgalmazédsa sok szempontbdl
szemlélteti a zO0ld biomasszabol szarmazdé fehérje-izoldtum tényleges forgalomba
hozatalanak  lehetGségeit  (http://www.desialis.com/en/our-products/cae-concentrated-
alfalfa-extract). Vo Ecker et al. (2012) és Houseman & Connell (1976).

Kovetkeztetések és fokuszteriiletek
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Daniaban szamos érintett fél kifejezte érdeklédését a fehérjék jelentds behozatalanak a
Dénidban eldallitott fehérjével vald felvaltasara. Az érdekldédést részben az éghajlati
megfontolasok, tovabba a fehérjék behozatalanak a termeld orszagokra gyakorolt negativ
kornyezeti hatasokkal kapcsolatos aggodalmak is indokoljak. Szamos kutatasi projekt azon
zoldfehérje-forrdsok megtaldlasara Osszpontosit, amelyek Danidban allithatok eld, és

alacsony kornyezeti impaktjuk van.

Szamos kihivassal kell azonban még szembenézni, mielétt a zold fehérjék képesek lesznek
helyettesiteni a dél-amerikai sz6jat. A legnagyobb kihivast a kiilonb6z6 eredetli biomasszak
bio-finomitasan alapuld technologiainak a fejlesztései jelentik. Azok a fejlesztéske ezek,
amelyek az eggyomrtiak és a kérddzok szamara optimalizaljak a magas fehérjetartalmu
takarmanyokat. Amennyiben ez a technoldgia kifejlesztésre keriil majd, Kijelenthetd, hogy
az 1j forrasokbol szdrmazo fehérjetermelést a kornyezettel és az éghajlati tényezokkel
Osszefliggésben is oprimalizalni kell. A potencialis G fehérjetermelés mértéke ugyanis fligg
az 1j termelési rendszerek vonatkozéasaban attol, hogy az 10j fehérjeforrasok miként
helyettesitik, vagy egészitik Ki a meglévé forrasokat. Végiil, de nem utolsésorban a
fehérjetermék arat és mindségét is 6ssze kell hasonlitani a 1étez6 fehérjeforrasokkal. Mind a
mezdgazdasagi ipar szerepldi €s a takarmany-eléallitok globalis versenynek vannak kitéve,
¢s a szabalyozason ¢és a fogyasztoi igényeken tal az ar is fontos, meghataroz6 tényezo a
tekintetben, hogy melyik fehérjetakarmanyt hasznaljak az allattenyésztésben. Megallapitast
nyert az is, hogy zold biomasszabdl nagy értéki termékek kifejlesztésére és eldallitasara van
lehet6ség, de jelenleg csak kevés példa létezik az ilyen termékek kereskedelmére

vonatkozoan.

A fivek termesztést eddig a szarvasmarhafélék takarmanyanak eldallitasa felé
optimalizaltdk. Am a biomassza elallitasdhoz optimalizalt miivelési rendszerek és flitipusok
fejlesztésére is van lehetdségiink, tudasunk. A flivek fehérjetartalma ugyan szignifikansan
alacsonyabb, mint a 16heréé, am a kisérletek szerint péd. a Festulolium hektaronként tobb
mint 20 tonna szarazanyagot produkalhat. Ebben az esetben a fehérjetartalom mérsékelt
javitasa is mar jelentds hatast gyakorol a teljes fehérjehozamra. A tradicionalis éves
vetésforgd atalakitasa éveld6 novényekkel, vagy az éves termesztési rendszerek
optimalizalasa pl. a kettds vagas szintén a (karos) kdrnyezeti hatasok jelentds csokkentéséhez

vezethet. Megjegyzendd, hogy a gabonaforgérdél a biogazdalkodas céljabol torténd
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fiitermesztésre valo attérés utani kdrnyezeti hatasok igazoldsa is sziikséges. Ezen tilmenden
fokozottabb ismeretekre van sziikség a fehérjedsszetétel és a takarmanyok, taplalkozast gatlo

tényezok stb. optimalizalasa vonatkozasaban biofinomitasi célokra.

A jelenlegi nitrogénszabalyzat nem 0sztonzi a mezdgazdasagi termeldket olyan termesztési
gyakorlatok elfogadasara, amelyek tdmogatjak a zold biomassza kdrnyezeti potencialjanak
teljes kiakndzasat. Hasonloképpen a fii-atallasi intervallumokat legfeljebb 6t évre korlatozo
szabalyozasi kdvetelmények szintén akadalyt képezhetnek a fiitermesztés optimalizalasara.
Fontos a biogazdasaggal kapcsolatos kezdeményezéseket, a mezdgazdasagi foldhasznalatot
érintd egyeb politikakkal, példaul a vizi kdrnyezettel kapcsolatos kihivasokat és az éghajlati
célokat egyiitt figyelembe venni. A jelentésben bemutatott elemzések arra utalnak, hogy a
biomassza optimalizalt el6allitasa hozzajarulhat szamos fontos kornyezeti cél eléréséhez. Az
elemzések azonban azt is jelzik, hogy a termesztési rendszer megvalasztasa fontos hatassal
van a tényleges végsO hatasokra, és hogy a kornyezeti hatasok szempontjabdl jelentds
foldrajzi eltérések vannak. Ezért rendkiviil fontos ezeket a szempontokat figyelembe venni a
szabalyozasi eszk06zok tervezésekor. A kutatdsok azt mutatjak, hogy Hollandia jelentds
erofeszitéseket szentelt a biogazdasag fejlesztésének. Ennek megfelelden Dania szdmara

elonyds lehet az érintett holland partnerekkel valo egylittmiikodés.

P¢ldaul Hollandia tapasztalattal rendelkezik a decentralizalt ndvények fejlesztésében és
tesztelésében; azek olyan tapasztalatok, amelyekb6l Dania tanulhat annak érdekében, hogy
gyakorlat-orientalt tudast szerezzen a logisztikdban, a folyamatokban ¢és a
termékfejlesztésben. Mind Hollandia, mind Dénia fejlett mezdgazdasagi és élelmiszer-
termeld orszagok, és mindkét orszag Osztonzi a fenntarthatd biogazdasag fejlesztését. A
holland korméany és a holland ipar egyarant hajtéerdként viselkedtek a biogazdasag
elémozditésa terén, és a dan kormany, valamint a dan vallalatok szdmara relevans lehet

tapasztalatok cseréje holland tarsaikkal.

John E. Hermansen, Uffe Jorgensen, Poul Erik Leerke, Kiril Manevski, Birte Boelt, Soren
Krogh Jensen, Martin R. Weisbjerg, Trine K. Dalsgaard, Marianne Danielsen, Torben Asp,
Morten Amby-Jensen, Claus Aage Gron Sorensen, Mikkel Vestby Jensen, Morten Gylling,
Jane Lindedam, Mette Liibeck, Erik Fog (2017): GREEN BIOMASS - PROTEIN PRO-
DUCTION THROUGH BIO-REFINING. Aaarhus University, University of Copenhagen,
Aalborg University & Seges Organic Innovation, DANISH CENTRE FOR FOOD AND
AGRICULTURE, Report 093, p. 1-72
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A fehérjék eloallitasa zold biomasszabol takarmanyként kereskedelmi célbol szamos

tényez6t foglal magaba, Gigy, mint a termés, a mindség, a koltségek és a kornyezeti hatas a

z0ld biomassza ecldallitas soran, tovabba a logisztika, a finomitasi folyamat, valamint a

takarmanyfelhasznald gazdasag szintjén a takarmanykeverékekbe torténd beépités és a

megvalositas szempontjai

e Megallapithatd, hogy mikdzben hatalmas mennyiségli tudas létezik mar, és/vagy
folyamatban van ezek megismerése, jelenleg még hianyzonak azok az ismeretek,
amelyekkel nagy bizonyossaggal értékelhetdk a technologia végrehajtasanak altalanos
gazdasagi vontakozésai és kornyezeti kovetkezményei.

e A legfontosabb az, hogy a biofinomitasi folyamatnak kereskedelmi léptékiinek kell
lennie, annak érdekében hogy megismerhessiik az er6forrasok felhasznalasanak és a
folyamat hatékonysaganak azokat a szempontjait, amelyek nagymértékben
meghatarozzék a jovedelmezdséget.

e Ki kell talalni a fehérjepaszta mint sertés nedves takarmanyozasi rendszereiben torténd
felhasznalas gyakorlati lehetdségeit, mivel ez nagymértékben befolyasolja a folyamat
energiaigényét.

e Hasonloképpen, meg kell vizsgalni, hogyan lehetne a magas nedvességtartalmi maradék-
levet (barnalé¢, DPJ) a biogédz eléallitdsa soran az energia visszanyerésére a legjobban
felhasznalni a gyari energiafelhasznalas ellenstilyozasara.

e Egy masik nagy bizonytalansag abban rejlik, hogy a zold biomasszat miként kezelik a
kivagastol a biofinomito iizembe érkezéséig. A friss szakaszban a zold biomasszaban 1évo
proteinek érintetlenek, de a lebomlas kézvetleniil a darabolés utan kezdodik.

e Logisztikai szempontbol a kdltségek jelentdsen csokkennek, ha a biomasszat eldzetesen
szaritani lehet, de ennek a biologiai finomit4si folyamatban érintetlen fehérjék
eléallitasanak kovetkezményeit sokkal részletesebben meg kell vizsgélni.

e Ami a biomassza-ellatast illeti a kornyezeti hatasokkal kapcsolatban, jobban meg kell
értenilink, hogy az éveld fii- vagy fi-lohere alloméanyokat miként lehet l1étrehozni és
fenntartani a nitrat €s a szén kimosodés nélkiil.

e Hasonloképpen, meg kell vizsgilni a takarmanyndvények takarmény-alapanyagként
torténd felhaszndldsdnak lehetdségeit, és - ezzel Osszefliggésben - az Uj tipust
takarmanyndvények €s a gazdalkodasi gyakorlatok kdrnyezeti hatasait.

o Végiil meg kell vizsgalni a z6ld biomasszabol szarmazo egyéb értékes komponensek

kinyerésének, az emberi fogyasztasra szant fehérjék és / vagy a magasabb értékili termékek
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rostjanak  hasznositasi  lehetOségeit a  biofinomitdsi  folyamat  altalanos

jovedelmezOségének javitasa érdekében.

4.2. JAVASLATOK A PROTEOMILL PROJEKT K+F HATTERENEK BOVITESERE
ES NEMZETKOZI VERSENYKEPESSEGENEK EROSITESERE

Tanulmanyunk elkészités¢hez 6sszegylijtott és/vagy rendelkezésre allo, 2000 €s 2020 kozotti,
haszévnyi forrasanyag Osszesen 442 tételt szamlal, 10.000 feletti oldal terjedelemben. A
kozéleményekben egyiittesen 8000 feletti hivatkozast tekinthetiink tovabbi metaadat-forrasnak.
Ha figyelembe vesszik az 1900 — 2020 kozotti teljes irodalmi gytjtésiinket, akkor
megallapithatjuk, hogy az utobbi husz év reprezentalja a teljes szazhtisz évi kozlemany-halmaz
negyven szdzalékat. Ez Osszhangaban van azzal a globalis folyamattal, amit a tudomany

altalanos fejlédése terén tapasztalhatunk. Egyre tobbet tudunk egyre kisebb részletekrol.

Az irodalmi forrdsok koziil tobb mint harminc konkrét példat emeltiink ki tanulmanyunk
masodik részében. Azokat valasztottuk ki ezuttal is, amelyek kiilondsen fontosak a szektertilet
fejlodés folyamatanak az illusztralasara, jelen esetben az utolséd két évtized soran. A teriileten
miikodnek LPC-t el6allito és forgalmazo vallalatok, a Désialis Franciaorszagban, a Brewster az
USA-ban. Vannak termékek, mint pld. a Vitlafa (Brewster) és a Désialistol az ANC, az Extraluz
¢és PX Agro Super koncentraumok. Kidolgoztak az USA-ban a lucerna un. harvest-faktionation
technologia alapjait, mely segitségével vélhetéen nagyobb lehetdség lesz a lucerna zdld
biomassza értékndveld komplex bioipari hazsnositasara. A két évtized soran sziiletet dan,USA,
francia, német, és magyar szabadalmak életképes alternativat kindlnak a gyakorlati hasznositas
terliletén. Fontos koriilmény, hogy az EFSA 2009-ben biztonsagos élelmiszer kategoriaba
sorolta be az LPC-t. Lathato az is, hogy a zold fehérjefinomit6, mint kutatasi teriilet széles
tartomanyban expandal, akar az alapkutatasokig. Kiterjed, tobbek kozott a korabbi

takarmanyipar mellett 0j, és innovativ teriiletekre, az alabbiak szerint:

e a proteinszal fejlesztése,
¢ biostimulatorok, ndvényi novekedészsabalyozok,

e masodik generdcids bioetanol eldallitas,
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e biomedicina,
e alternativ human taplalékipar
e miitej és miihus eldallitas,

e algatenyésztés.

Kiilon ki kell emelni, hogy a termelés melléketmékek korében a barnalé a jovoben az ipari alga-
, baktérium- €s élesztotenyésztés, expandalo fazisban lévd biotechnologiai ipar alapjaul
szolgalhat (microbe protein, single-cell-protein, single-cell-oil). Ilyen lehet a barnalé

hasznositasa hidrogén hasznosit6 elektrolizis-bioreaktorok tertiletén is.

Tovabbi fontos teriiletnek tekintehtd a fehér LPC (citoplazma frakcid) frakcionak az alternativ
human taplalékok korében torténd hasznositasa. Ezen a teriileten forradalom zajlik. A fejlesztok
— hivatkozva az allattenyésztés nagy kornyezeti kdrositasra, mint pl. a metankibocsajtasra, a
nagyon magas vizigényre, tovabba a szOja- ¢és a sikérfehérje humanegészségiigyi
vonatkozasaira - 0jabb novényi fehérjeforrasokat keresnek. Ezek korében a borsdfehérje
jelenleg a slager (miitej, miithus, stb). Nem érdektelen tehat, hogy a nagy hozammal eléallithato
LPC frakciok — megfeleléen kivalasztott forrasbdl — e teriileten milyen mértékben lesznek

hasznosithatok.

Végezetiil megallapithatd, hogy ebbena két évtizedben a legalaposabb attekintést a dan
egyetemek ¢€s intézetek kutatoi késiztettek. Munkajuk alapjan kijelenthet6 két dolog. Nem volt
a véletlen miive, hogy a dan husipar és allatenyésztés a vilagon az egyik legfejlettebb, immar
szazbtven éve. Nem lesz véletlen az sem, ha az attorést eredményezd, 0j zold fehérjefinomitod
tudas ¢€s technoldgia terén a dan szakemberek tovabbra is az els6k kozott lesznek, holland,

német, angol, svéd és USA-beli kollégakkalegyiitt.

Javasolhatd, hogy a magyar zold fehérjefinomito fejlesztéseknek minél elébb kapcsolodniuk

kell a nemzetkdzi miithelyekhez, mindenek elétt a dan csoportokhoz.
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l. sz. Melléklet

A KRISTALY 88 KFT K+F SZOLGALTATASABA FOGLALT FELADATOK

Szolgaltatd feladata az 1. részfeladatban a Zoldmalom (Green Biorefinery, GB) témakdrrel, tovabba a
hozza kapcsolodo takarmanyozasi kisérletekkel és piacképes takarmanyok kifejlesztésével kapcsolatos
régebbi (2000 elotti) és ujabb (2000 utani) hazai és nemzetkozi szakirodalom felkutatasa, gyljtése a
teriiletet vezeto orszagok, kiemelten a dan, svéd, finn, német, holland, USA-beli, kinai és angol kutato

csoportok korében.

Feladata kiterjed a relevans GB szakirodalom elektronikusan (OCR — Optical Character Recognition)

kereshetd formaban torténd rogzitésére és azok nyilvantartasara is.

Feladata tovabba a feltart GB forrasok ismereteinek 6sszehasonlité elemzése a Proteomill programban
résztvevo kutatocsoportok munkajanak a tamogatasa - és a termékek eldallitasara szolgald gyartésorok
Osszehangolasa - érdekében a régebbi és a legujabb természettudomanyos, gazdasagi, piaci és miiszaki-
technoldgiai ismeretek alapjan, az alabbi részteriiletekre fokuszalva:

— A rostelvalasztas és a zoldlé frakcionalas modszerei és kutatasi eredményei;

— A levélfehérje koncentratum (LPC) el6allitas modszerei és kutatasi eredményei;

— A barnalé frakci6 bioipari hasznositas modszerei, és kutatdsi eredményei;

— A rostfrakcié bioipari hasznositds és a mesterséges istallotragya eldallitds modszerei és kutatdsi

eredményei

KELETKEZO KONKRET EREDMENYEK MEGNEVEZESE

Magyar nyelvii t¢émadokumentacié és tudomanyos mi készitése az alabbi részletezéssel:

- 1 db, minimalis 150 oldal terjedelmi kinyomtatott és bekotott témadokumentacio készitése az
ismertetett szakteriileteken a 2000 eldtti €s a 2000 utani relevans szakirodalom felhasznalasaval

- Az elkészilt mi letolthetd elektronikus valtozatanak pdf formatumban torténd rogzitése

- 1 db elektronikus forméaban rogzitett, OCR formaban is kereshetd adatbank (forrasgylijtemény,

tudasbazis) dsszeallitdsa a témadokumentacioban feldolgozasra keriilé kézleményekbol.
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